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ABSTRACT 
The increase of fish production entirely depends 
on the proper management of the fishery resources and one of 
the most important aspects of fishery management is the 
knowledge of natural history of the fish (known as 
bionomics). A detailed study on the biology of food fish<^ s 
is an essential pre-requisite in thu management and 
exploitation of fishery resources. 
This development programme envisages introduction 
of suitable fish, taking into consideration the various 
aspects of life history like morphometric studies, variation 
in growth, general well-being of the fish, age of the 
individuals, food and feeding, determination of the spawning 
and frequency of reproduction within the season and its life 
span, nature of waters and subsequent management in respect 
of conservation and regulated exploitation to obtain a 
continuous and sustained fisheries. 
It is necessary that contradictory views expressed 
by earlier workers are thoroughly analysed and a more 
precise information be obtained to formulate future 
programme of the work. Although Hora (1939), Bhimachar 
(1945), Pakrasi and Alikunhi (1952), Ranganathan and 
Natarajan (1969) and Sugunan and Vinci (1981) have provided 
some information to our knowledge on the various aspects of 
biology of Rhinomugjl corsula (Ham.), but all of these 
workers have drawn their conclusion either from eastern or 
southern part of India with limited data at their disposal. 
From northern India, the first concerted attempt on the 
maturity and spawning habit of this species can be said to 
has been made by Qasim and Qayyum (1961) with a meagre 
information on reproduction. However, their studies did not 
indicate any clear trend with regard to the fecundity. 
Therefore, it was thought worthwhile to examine in detail 
the various biological parameters of this species. The 
freshwater grey mullet, Rhinoffiugjl corsula (Hamilton), 1822 
belongs to order Mugiliformes and family Mugilidae. It is 
found in freshwaters like rivers and lakes etc. It forms a 
considerable fishery wealth in the rivers of northern India, 
offering a highly proteinaceous variety of fish to the 
consumers. 
The fish were collected from a single environment. 
The observed data of R. corsula. when analysed 
statistically, in order to obtain mathematical relationships 
between the measurements of body parts (dependent variables) 
and the total length (independent variable), showed a linear 
relationship in all the cases. As evident from the results, 
the gut length had maximum growth rate, whereas inter-
orbital width showed minimum rate of increase, in both the 
sexes. Morphometric data for both sexes were thoroughly 
processsed statistically to find out the possible sex-linked 
differences. But lack, of significant difference, in any of 
the traits between the sexes implied absence of sexual 
dimorphism. 
In fishery practices, knowledge of length-weight 
relationship for a given species could be of practical 
utility in estimating fish yield from a water body and in 
regulating the fisheries through construction of desirable 
mesh-size of the fishing gear in response to the demand of a 
fish with a marketable size and weight. Estimates of the 
length-weight relationship for males and females R. corsula 
were found significantly different and both sexes grew at a 
rate less than "cube of length'. 
It is quite clear -tram the results that males 
increased lesser in weight than females. The slope of the 
regression 'b' and the intercept 'a' of the regression line 
for different maturity stages of both sexes differed from 
each other. Significant differences were noted in maturing 
and spent fish. Fourth maturity stage, i.e. ripe stage in 
female, showed highest value of regression coefficient while 
it was observed highest in the first stage of maturity in 
males. Furthermore, since length-weight relationship of fish 
varies according to the condition of fish and environment, 
the variations in this relationship provide a measure of 
condition coefficient (degree of well-being) of fish and 
suitability to its environment. 
The simple expression K = W/L^ x 100 appeared 
satisfactory for the study of well-being of R.corsula. The 
increase and decrease in "K' values were observed in 
accordance of length, seasonal variation and gonad 
development. The first point of inflexion with increasing 
length was conspicuous between 201 to 220 mm. Following the 
statement of previous authors the present results agreed 
that this point was the minimum size at which fish attained 
maturity. Gradual fluctuation in 'K' values might be due to 
intensive feeding or stage of gonadal development. Male 
specimens were found to be absent beyond 300 mm. Findings of 
the present study did not pinpoint absolute dependence of 
'K' on length. Continuous fall and rise in the 'K' values of 
R.corsula were concluded to be highly related with increase 
and decrease of gonad weight. Findings of the present study 
closely agreed with the findings of Morrow (1951) on 
Longhorn sculpin. 
The influence of feeding intensity on the 
condition of the present fish did not seem to be quite 
apparent. Females showed better condition than males . A 
review of the condition of R. corsula proved beyond doubt 
that the fish obtained from lotic ecosystem tended to gain 
more weight than their counterparts from the lentic water 
body. The comparison of present values of 'K' with the 
findings of Ranganathan and Natarajan (1969) for R. oaraiila 
(Ham.) brought it into special prominence. 
Age and growth of R. corsnia was studied by the 
analysis of scales and length-frequency distribution. The 
scales are ctenoid and the formation of growth checks were 
indicated by the presence of wide clear translucent zone 
along the entire margin of the scale as well as by the 
presence of discontinuous circuli at the margin. The 
causative factor of annual ring formation in fish of first 
year class was found to be the intensity of feeding whereas 
in adult fish the ring formation was influenced by both 
feeding intensity as well as the maturation of gonads. 
R. corsula was found to attain lengths of 145.6, 
193.8, 229.4, 263.2, 292.7 and 315.7 mm at I, II, III. IV, V 
and VI year of age respectively. Increase in length of the 
scale was observed to bear a constant ratio to the increase 
of length of fish, and regression analysis yielded a 
straight line relationship between scj.le and bodv lengtn. 
The calculated value^ i could be expressed as : 
Y = 0.084 + 0.031 X 
The growth rate of the fish was high during early 
stages of life but thereafter decreased gradually upto the 
age group VI. Both sexes showed a similar growth patterns. 
Specific growth rate "G' was also found decreasing with the 
increase in the age of the fish. 
Growth of the fish confirmed the Von Bertalanffy's 
growth equation and expressed as : 
Lt=331.25 l-e-0-5 54 7<t-t-0.0052> 
E. corsula in river Yamuna was found to subsist 
mainly on the decayed organic matter and detritus engulfed 
alongwith bottom mud and sand. Bottom living diatoms, 
zooplankton, benthos and macrovegetation formed 
considerable percentage of food items. The fish always 
showed preference to mud, detritus and decayed organic 
matter. For phytoplankton and zooplankton no selection for 
any particular group or species was observed. The broad 
range in the selection of its food items is an adaptation to 
obtain maximum quantities of food throughout the year 
because when one item was not available due to its seasonal 
scarcity the fish depends on its alternate. Complete 
avoidance of blue-green algae and euglenophyceae was 
observed. 
The intensity of feeding was found to be maximum 
during monsoon months and started decreasing in November 
onwards. High percentages of empty guts were noteJ from May 
to August. Besides, the .uaLuration of gonsus was also found 
InriuencinfC t.he teeding intensity. Minimum food intake and 
high percentage of empty guts were found in ripe fish. It 
was evident from the results that the fish fed voraciously 
during growing stages and just after spawning. The rate of 
feeding activity was found higher in females throughout the 
year than males. The morphological adaptations, and food and 
feeding habit of R. corsula indicated its browsing habit at 
the bottom. It was also found capable of surface feeding. 
In river Yamuna, the population of R. corsula 
showed unbalanced sex ratio in favour of females. Maturity 
was attained when both sexes were about one year old. 
Individual fishes are annual breeders as could be inferred 
from the presence of only a single batch of ova in all the 
stages of gonads. Spawning occurs during July to October 
with peak periods, August and September, coincide with 
monsoon season. Individual fecundity ranged from 1,012 to 
3,220/g of ovary weight. Fecundity was found to be more 
closely related to ovary weight rather than body weight or 
body length. Ovary weight has a close relation with body 
length and weight. 
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INTRODUCTION 
There is a growing recognition in recent years all over 
the world for a better understanding of aquatic environments 
and their productivity. Inland fisheries resources of India 
have traditionally played a significant role in human 
nutrition and have always been looked upon as an important 
source of livelihood for millions of fishermen who live 
close to rivers, lakes, estuaries and lagoons etc. Its 
importance has since taken a new dimension in the context of 
relentless population growth during the recent decade 
accompanied by sharp increase in demand of animal protein. 
Inevitably this has led to increased exploitation of the 
resources in many inland waters of the country. 
Fishes, like many other forms of life, are of immense 
value to mankind. They have long been a staple item in the 
diet of many people. Today they form an important element in 
the economy of many nations. As the world population is 
galloping with the growing demand of protein rich food, 
considerable attention is being paid towards the management 
of fishes for increasing food production in every country. 
Many government institutions are busy in carrying out 
studies on fish biology and their propagation techniques. 
Nelson (1984) describes the importance of fishes to people. 
He explained that "Fishes give an incalculable recreational 
and psychological value to the naturalist, sport enthusiasts 
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and home aquarists". They are also the subject of 
international and domestic agreements and disagreements. 
They are used as general indicators of pollution, partly to 
direct benefit of mankind and partly to protect what people 
consider a valuable and necessary part of their heritage and 
life. 
The last two and a half decades have witnessed great 
productivity made in the field of fishery biology. Today 
biologists, especially the ecologists are busy to unveil the 
mysteries of nature by getting deeper into the ecology of 
fishes. The increase of fish production entirely depends on 
the proper management of the fishery resources, and one of 
the most important aspects of fishery management is the 
knowledge of natural history of the fishes which is known as 
bionomics. It is a part of ecology dealing with the biology 
of fishes. A detailed study on the biology of food fishes is 
an essential pre-requisite in the management and 
exploitation of the fishery resources. As Panikkar (1952) 
has rightly pointed out, "It is futile to attempt fishery 
management without adequate knowledge of biology of the 
fishes concerned". So, it will be the fitness of things that 
the attention of the fishery scientists should be focussed 
on the investigations relating to various aspects of life 
history like rate of growth, food and feeding habits, 
migration, age, size at first maturity, spawning grounds, 
time and duration of spawning, etc. 
A review of the literature reveals that most of the 
workers have confined their studies, on these line, on the 
marine food fishes, as these fishes contribute a major 
portion of the total fish production of the country. The 
marine fish in our country are landed throughout day and 
night, and the landing centres spread all along the 
coastline. The experimental fishing operations conducted by 
the Indian trawlers have already shown that coastal waters 
of this country support fisheries of a considerable 
magnitude. Notable studies made on the biology of marine 
food fishes are those of Devanesan and John, 1940; Bhimachar 
and George, 1952; Noble, 1962; George and Banerjee, 1964; 
Luther, 1973; Doiphode, 1974 (on mackerels); Chidambaram, 
1950; Vijayaraghavan, 1955; Ganapati and Srinivasarao, 1957; 
Dhulkhed, 1962; Bannet, 1964; Kagwade, 1964; Radhakrishnan, 
1964; Balan, 1971; Rao, 1981 (on sardines); Bapat ei al-, 
1951 (on Bombay Duck); Mohammed, 1955; Nayak, 1960; 
Krishnamoorthi, 1971a and Murty, 1984 (on thread fin 
fishes); Prabhu, 1955; Narasimham, 1974 and 1983 (on ribbon 
fishes); Seshappa and Bhimachar, 1955; Groat, 1971; 
Seshappa, 1974; Datta and Das, 1983 (on Malabar sole); 
Talwar, 1961 (on halfbeaks); Kuthalingam, 1967 (on silver 
pomfret); Desai, 1972 (on long finned herring) and Deshmukh, 
1973 (on grunters); James and And Badrudeen, 1981 and Murty, 
1983(on Silver belly). 
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Appreciable amount of work has also been done on the 
biology of some economically important estuarine fishes. The 
work on estuarine fishes includes important contributions 
made by Jacot (1920), Pillay (1954), Sarojini (1957 and 
1958), Luther (1963) and Thakur (1961) on mullets. Hora and 
Nair (1940), Chacko and Ganapathi (1949), Jones and Menon 
(1951), Pillay (1958), Pillay and Rao (1962), and 
Ramakrishnaiah (1972) elucidated the life history of Hilsa 
while Mookerjee si. ai. (1946) made a detailed study on the 
food of estuarine fishes of Bengal. 
An information on the biology of freshwater fishes, is 
still meagre. Lagler (1956) and Carlandar (1977) gave a 
generalised account on the biology of freshwater fishes. In 
India, Chacko and Kuriyan (1950), Chackraborty and Singh 
(1963), Natarajan and Jhingaran (1963), Desai (1970), 
Chackraborty and Murty (1972), Ramamohan Rao and Hanumantha 
Rao (1972), Sinha (1972, 1975), Parameswaran e±. ai- (1974), 
Hanumantha Rao (1974), Pisolkar and Karamchandani (1981), 
Narayan (1982), Sivakami (1982), Prakash and Gupta (1986) 
have studied in detail the biology of carps. Qayyum and 
Qasim (1964c), Saigal (1964), Bhatt ( 1970a, 1971 and 1971a) 
and Vinci (1984), Kolekar and Choudhury (1989) have studied 
the life history of some cat fishes. Detailed study on the 
biology of murrels was reported by Alikunhi (1953), Devraj 
(1973), Marichamy (1974) and Kilambi (1986). 
Keeping in view the paucity of information on the 
biology of important freshwater food fishes, attempts have 
been made at Aligarh to study the biology of fishes of this 
region. Some notable researches have already been done on 
the biology of murrels, carps and cat fishes (Qayyum and 
Qasim, 1964a, 1964b, 1964c; Kamal, 1964, 1969; Khan, 1972; 
Chatterji, 1976; Ansari, 1982; Narayan, 1982 and Khumar, 
1985). They have studied in detail the various aspects of 
life history of Qphicephalus ounctatus. Barbus stigma. 
Callichrus bimaculatus, LaJien rohita, Cirrhina mrjgala, 
Qjaila oaJila. Lah&o. tiaia, LflJafin genius and Gadusia chapra 
from different impoundments and rivers of Aligarh region. 
Khan and Siddiqui (1973), Mustafa (1976), Jafri and Mustafa 
(1977) reported food and food selective behaviour of Labeo 
rohita: Esomus danricus and Qailja CLatla. Khan and Siddiqui 
(1973) elucidated the food selection of Labeo rohita (Ham.) 
along with its feeding behaviour in relation to other major 
carps. Food and feeding habits of LaJiejl bata. Lalififl. gonius 
have been studied by Chatterji (1974), and of Trichogaster 
fasciatus by Mustafa and Jafri (1978). Reproductive biology 
of some fishes has been reported by Qasim and Qayyum (1961 
and 1963), Siddiqui £±. aJL. (1976a and 1976b). Chatterji ei 
ai. (1976, 1977b), Mustafa (1978), Chatterji and 
Murataz (1980) and Chatterji (1981) described the 
length-weight relationship and condition factor of different 
carp species. Khan and Siddiqui (1973a), Chatterji el. aJ.-
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(1977a and 1979) described the morphometric character and 
age growth of Lsh&Q. rohita and Laii&Q. hSitK. Tariq (1977), in 
Labeo calbasu and Cjrrhjna reba has observed sexual 
dimorphism in certain morphometric characters. 
Workers have also studied various aspects of biology of 
mullets. Important contributions made are those of Hora 
(1939), Kesteven (1942), Bhimachar (1945), Jacob and 
Krishnamurthy (1948), Sarojini (1951, 1953, 1957 and 1958), 
Pakrasi and Alikunhi (1952), Pillay (1953, 1954), Patnaik 
(1962), Luther (1963), Ranganathan and Natrajan (1969), 
Hickling (1970), Brulhet (1975), Alvarez (1976), De Silva 
and Wijeyratne (1977), Perera and De Silva (1978) and Albert 
and Lagendre (1985). Review of the literature shows that all 
of these studies are preliminary in nature and no 
comprehensive work has so far been done on mullets. It is, 
therefore, thought to make a detailed and extensive study on 
the biology of one of the species of Indian grey mullets, 
Rhinomugjl corsula (Hamilton). It is classified under the 
family Mugilidae of the order Mugiliformes. It is one of the 
most economically important food fish of Indian freshwaters. 
Rhinomugjl corsula occurs in abundance far above the tidal 
influences in freshwater situations in the major Indian 
river systems like Ganga, Yamuna and Mahanadi etc. For 
study, the specimens were collected from Yamuna river with 
the help of a cast net. 
8c0cviption of lis^ 
DESCRIPTION OF THE FISH 
Rhinomu^il qorsula (Hamilton), 1822 belongs to order 
Mugiliformes and family Mugilidae. The systematic position 
of the fish is based on the scheme of classification 
suggested by Berg (1940) with certain modifications as 
recommended by Misra (1959) and Srivastava (1968). 
Phylum : Chordata 
Sub-phylum : Vertebrata 
Super-class : Gnathostomata 
Class : Teleostomi 
Sub-class : Actinopterygii 
Order : Mugiliformes 
Family : Mugilidae 
Genus Rhinomugjl 
Species : £..corsula 
This species was described by Hamilton in 1822 as Mugil 
corsula. But later on various authors had been treating it 
under different genera. In 1863 Gill described it under 
genus Rhinomugjl Gill (Type species : MugJl CQrsula, Ham.). 
But Day (1878, 1889) continued calling it Mugii corsula Ham. 
Rhinomugjl aorsula (Ham.) presently is the most 
recognized name accepted by Misra (1959), Srivastava (1968) 
and Jhingran (1983). 
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Conmon names : 
Bengali - Elanga-er-wari, in-gelee; Oriya - Kakunda; 
Punjabi - Hurdwahre; Assam - Keski; Hindi - Undala; Aligarh 
- Oran. 
Salient features : 
Body torpedo shaped, pointed anteriorly. Slightly 
compressed laterally. Dorsal profile is straight but 
ventrally it is bulging out giving it a convex contour. Eyes 
of the fish are without adipose lids and elevated with their 
upper margin above the level of flat inter-orbital space. 
Head in profile with dorsal side nearly flat and 
compressed. Upper jaw overhung by the snout and is longer 
than the lower. Upper lip thick and notched for receiving 
the tubercle of the lower lip. Both jaws are having a row of 
very small and minute teeth. Caudal fin is slightly 
emerginate. Scales are ctenoid covering most portions of the 
body except fins and eyes. The fish is steel grey dorsally 
and lighter along the abdomen. Dorsal and caudal fins are 
greyish. The maximum size recorded in the present study is 
396 mm (Plate I). 
Field notes • 
These fishes swim in groups with their eyeij just above 
the water surface. At the slightest alarm they dive down 
with great rapidity. They have been observed to Lake tihort 
jumps as well (Plate I). 
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Geographical distribution : 
R. corsula is found in freshwaters like rivers and 
lakes etc., and in estuaries far above the tidal influences. 
It is most common in Uttar Pradesh, West Bengal, Bihar, 
Orissa and Tamil Nadu. Local fishermen of Aligarh (U.P.) 
commonly call it as Oran. 
PLATE I 
Top : Photograph showing R. corsula (Ham.) in 
natural habitat. 
Below : Photograph showing R. corsula (Ham.). 
^ v 
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INTRODUCTION 
Knowledge of morphometric characters is very essential 
in identification and classification of fish. The study of 
various morphometric characters in relation to each other is 
one of the most fascinating subject of biology, which gives 
a great clue of different changes occurring in the body 
parts and relating to the correlation of the growth rate of 
different body parts to a specific morphometric character in 
any particular environment. These growth rates may be 
directly or inversely proportional to each other. 
Radhakrishnan (1957) elucidated that the separation of 
stocks or races of commercially important fishes is of great 
importance in fishery investigations. Slight but significant 
changes occur in the morphometric measurements between the 
fishes of different stocks, races or populations. Therefore, 
morphometric analyses have been employed in the study of 
races or population of fishes and in the study of relative 
growth of body measurements. 
In order to have rational basis for the management and 
exploitation of the fishery resources, we must have a good 
knowledge of species composition of an ecosystem supporting 
the fishery. When a species is commercially exploited, it 
becomes important to know whether the catch comes from a 
single stock or from several stocks which may or may not 
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remain discrete entities. The intraspecific variations in 
the fish over the area of investigation is potentially an 
important matter from the stand-point of future management. 
The researchers relating to the taxonomic identity of the 
intraspecific stocks which are generally referred to as 
"racial investigations". These studies are based on the 
hypothesis that certain morphometric characters are 
associated with autonomous population. 
It is essential to determine first of all, whether the 
samples handled in the course of investigation belonged to a 
single homogenous population or not. In the present work, 
samples were collected from a single environment i.e., river 
Yamuna. The variations in the morphometric characters are 
due to the modificational effect of environment or due to 
different hormonal activity of the fish as well as due to 
different genetic make-up. 
Several ichthyologists have studied the biology of grey 
mullets (Hora, 1939; Pakrasi and Alikunhi, 1952; Pillay, 
1954; Sarojini, 1957 and 1958; Ranganathan and Natarajan, 
1969). Few of them have described morphometric characters 
but in brief. Marr (1955), Royce (1963), Khan and Qadri 
(1970), Chatterji ei. ai. (1977a) and Ansari (1982) have 
provided morphometric data on many fish species and 
emphasize their utility in separation of stock or races in 
different environments. Some other contributors in the field 
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who have furnished information on Indian freshwater fish 
species are Pillay (1957), Krumholz and Cavanah (1968), 
Gupta (1970), Rao (1976), Srivastava and Tyagi (1979), 
Dwivedi and Rattan (1980), Jayaram (1980), Sultan and Shamsi 
(1981), Sithampararo and Dwivedi (1982), Acharya and Dwivedi 
(1984) and Choudhury and Dwivedi (1985). 
Sexual dimorphism in various body measurements of fish 
has been reported by many workers (Tandon, 1962 and Hameed 
et al. , 1977. Hameed si. sJL. (1977) have reported that Latieii 
calbasu showed a significant sexual dimorphism in various 
body measurements and these differences were more 
significant in the characters associated with length than 
the width. Such differences between the two sexes may be due 
to the hormonal activity of the fish as well as due to 
different genetic make-up (Krumholz and Cavanah, 1968). 
Rangnathan and Natarajan (1969) recorded the 
correlation between total length and few body measurements 
of R. corsula collected from two different impoundments, 
Krishnagiri and Sathanur reservoirs, of Tamil Nadu. But 
unfortunately no comprehensive study on morphometrical 
correlation between the two sexes of R. corsula collected 
from single environment has so far been done. The present 
study, therefore, aims to ascertaining growth of body parts 
in relation to total length of a most common fish species, 
namely Rhinomugil corsula (Ham.), found in river Yamuna. An 
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attempt has also been made to distinguish males and females 
of R. corsula on the basis of morphometric characters. 
More recently, the fishery biologist have often used 
the growth of body parts (morphometric characters) in 
relation to total length of fish for the rational 
exploitation, growth pattern and overall well being of the 
existing fish stock for better management practices (Lagler, 
1956). The differences and relationship between various body 
characters to a particular character of male and female 
specimen can not be judged easily, hence statistical methods 
are employed to test the significant differences occurred in 
body parts of two sexes. 
MATERIAL AND METHODS 
Samples for the morphometric study were collected from 
river Yamuna, at monthly intervals over a period of twelve 
months. 
Specimens were brought to the laboratory and processed 
promptly. Processing included measurements of different 
morphometric characters, and weight of the body and gut. 
Following morphometric characters were taken into 
consideration to represent the relationship with total 
length (Fig. 1.1). These characters were measured after 
following the work of Lagler (1956). 
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Total Length (T.L.) = is measured from the tip of snout to 
the tip of caudal fin. 
Standard Length (S.L.) = is measured from the tip of snout 
to the base of caudal fin. 
Forked Length (F.L.) - is measured from anterior most 
extremity to the notch in forked caudal fin. 
Depth of Body (D.B.) = is measured along the vertical line 
at its deepest part. 
Head Length (H.L.) = is measured from the tip of snout to 
the posterior most bony extremity of opercle. 
Hidth of the Head (W.H.) = is meausred along the broadest 
part of the head. 
Inter-orbital Width (I.O.H.) = is measured along the dorsal 
surface between the eyes. 
Length of Caudal Peduncle (L.C.P.) = is measured from 
posterior base of anal fin to the base of caudal fin. 
Pre-dorsal Length (P.D.L.) = is measured from the tip of 
snout to the origin of dorsal fin. 
Gut Length (G.L.) = is measured from the oesophagus upto the 
anus. 
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After wiping off the moisture from the surface of the 
body, fishes were weighed on a balance and body measurements 
were taken to the nearest mm on a measuring board. For 
measuring gut length, all the fishes were dissected and guts 
were taken out. After removing all fats and raw material, 
length of the alimentary canal was measured upto the nearest 
mm. 
Fishes were sexed, and for the identification of males 
and females, gonads were studied under the microscope. The 
relationship between the dimension of external parts of fish 
and its total length was determined. 
The total length of each specimen was used as a basis 
of reference for all other measurements (Garlandar and 
Smith, 1945 and Hile, 1948). The regression of various body 
characters of different specimen against total length were 
compared by using the covariance technique (Mather, 1964). 
For computing the growth of body parts in relation to total 
length of the fish, the rectilinear regression was used, 
because the use of regression of original measurements 
rather than ratios is time saving, easier to interpret and 
less likely to lead to confusing or doubtful conclusions as 
stated by Maar (1955). In the present attempt, linear 
regression of various body proportions against total length 
were fitted by the least square method after logarithmic 
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transformation. The regression equation is represented as : 
Log Y = Log a + b Log X ; where 
Log Y = Length of body parts of the fish 
(the dependent variables), 
Log X = Total length of fish 
(the independent variable). 
Log a = intercept, and 
b = regression coefficient. 
In order to assess closeness of relationship, that 
might exist in different cases, the values of regression and 
correlation coefficient (r) for all the morphometric 
characters were also computed. 
RESULTS 
In the observed data of R. corsula which were collected 
from a single environment, when analysed statistically in 
order to obtain mathematical relationship between the 
measurements of the total lengths (independent variable) 
have showed a linear relationship in all the cases. 
The relationships of various mentioned measures of the 
body with total length of R. corsula from river Yamuna have 
been embodied in Tables 1.1 and 1.2 and graphically (Figs. 
1.2 to 1.4). The logarithmic relationship were linear. The 
equation for the regression line for various measurements 
are tabulated in Table 1.2. The significant correlation 
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coefficients indicate the standard length, forked length, 
depth of body, head length, head width, inter-orbital width, 
caudal peduncle length, pre-dorsal length and gut length 
respectively are highly correlated with total length in both 
the sexes. 
DISCUSSION 
The absence of marked difference implied that 
individual variations in the relative growth of the various 
body parts are within biologically permissible limits that 
serve to restrict the ontogenetically originated 
allomorphosis and heterogony. These factors manifest in 
acquisition of proportionate body magnitude but at the same 
time can form basis of differentiating the stock from 
different environment. In the present study, samples of R. 
cnrsiil a were collected from a single environment (i.e. river 
Yamuna). 
To facilitate the comparison of data the mathematical 
relationship between total length and body measurements was 
carried out. The regression analysis of different body 
measurements on total length and their significance has been 
tabulated in Table 1.1 and 1.2. The equation for the 
regression line, Y = a + bX", was used to express the 
relationship between the two sexes (Table 1.2). Research 
workers very often use the standard length of fishes in 
their studies. Sarojini (1958) has used standard length of 
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the Mugjl cunnesius as the standard linear measurement 
instead of the total length, as the caudal fins were found 
damaged in most of the fish. Pillai (1983) made the biometry 
analysis in relation to standard length for Qtolithes ruber. 
In the present study, total length is used as the standard 
linear measurement. Total length is more readily accepted 
and understood by everyone. Moreover, Pillay (1954) got some 
confusion in measuring standard length, as the base of the 
caudal fin in mullets is covered by scales and the end of 
the lateral line or the tip of the hypurals can not be 
located easily. 
In the present study, various morphometric measurements 
of R. corsula are plotted against total length resulting in 
straight lines indicating linear relationship in each case 
(Figs. 1.2 to 1.4). The linear relationship showed that with 
the increase in total length of the fish there was 
corresponding increase in the length of body measurements. 
Ranganathan and Natarajan (1969) explained the relationship 
between total length and measurements of other body parts, 
namely standard length, body height and girth of Rhinomugil 
Qorsula collected from two reservoirs of Tamil Nadu. In all 
cases, they obtained a linear relationship. In present study 
the values of correlation coefficient (Table 1.2) indicated 
that all the morphometric parameters, taken into 
consideration, showed a gradual increase with increase in 
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total length of the fish (Figs. 1.2 to 1.4). As it is 
evident from the figures, the gut length has the maximum 
rate of growth. Among other parameters, forked length and 
standard length increased at maximum rate with unit runs of 
total length, whereas inter-orbital width has the minimum 
rate of increase in each case. Pillay (1954) has rpp<-iri-«=d 
that the measurements of different body parts of Mugil tade 
in the sea off Junput and in the river Matlah, in relation 
to total length, showed a straight line relationship with 
the standard length having the maximum rate of growth and 
the depth of head through orbit, the minimum. Sarojini 
(1958) elucidated the above observations for Mu^il 
cunnesius in the same areas. Islam and Al-Nasiri (1978) 
analysed the observed data of Liza atui (Meckel) 
statistically in order to obtain mathematical relationship 
between the measurements of body parts (dependent variables) 
and that of the body length (independent variable). A 
straight line linear relationship was observed in each case. 
Similar observations have been reported by Pillai (1983) in 
Q.tolithes niheji. 
In the present study, the regression of body 
measurements on total length showed almost a linear 
relationship in all the cases of adults of males and 
females, suggesting the growth of fish as isometric. 
However, some workers have reported that the regression of 
one character on the other showed a non-linear relationship 
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(Godsil, 1948; Marr, 1955; Halt, 1960). They observed that 
the ratio between various parts with increasing length of 
different stages of life may not be having constant relative 
growth. Khan (1972) has reported such linear relationship 
between body parts to total langth within a certain range of 
independent deviation, and observed that the growth rate of 
Labeo rohita. only above 50 mm, was isometric. Similar cases 
have also been reported by Chatterji ei. aJL. (1977a) in the 
case of Labeo tiaJLSL. They reported an isometric growth rate 
above 190 mm. Haraeed ei. ai- (1977) have also found that the 
relative growth of LaJiail calbasu was not constant throughout 
the life. The ratios between the different body parts 
differed at different stages of life with increasing length. 
But in R. corsula. the regression of body measurements on 
total length has been found to be almost a linear 
relationship. 
While comparing the different characters from the 
fishes of two environments. Khan (1972) noticed a 
significant difference in Labeo rohita. He found that the 
fishes of pond increased in length more rapidly than the 
width, whereas the fishes of river increased in width more 
rapidly than their length. It was further noticed by 
Chatterji ei al- (1977a), while comparing the raorphometric 
characters of Labeo tLaia from two different environments, 
that the growth of LalifiH tiaia showed similar pattern as it 
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is reported by Khan (1972) in L- rohita. The significant 
differences in all the characters between the two 
environments suggested that these fishes belonged to two 
different stocks. These variations in the morphometric 
characters of the fishes of two populations are due to 
modificational effects of environment or due to genetic 
make-up (Krumholz and Cavanah, 1968). They concluded that 
the fishes of pond adapted from the very beginning to 
confined water while the riverine fishes enjoyed a wide 
distribution. Another reason for the differences was given 
that most of the fishes stocked in ponds were induced 
spawned, while the fishes of rivers were obviusly naturally 
spawned. Sarojini (1957) compared the samples of Mugil 
parsia from Junput, Diamond Harbour and Port Caning. She 
observed that the stocks in these three areas did not differ 
significantly one another and were derived from a homogenous 
population. Pillay (1954) has also found that Miigii tade 
occurring in these three areas, belonged to homogenous 
populations. 
Morphometric data for males and females were thoroughly 
processed statistically to find out the possible sex-linked 
differences but the lack of significant difference in any of 
the traits implied absence of sex dimorphism. Sexual 
dimorphism in various body measurements have also been 
reported by many workers. Tandon (1962) has reported 
different ratios between various body parts and total length 
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of male and female experimental fishes. Similarly^ Hameed el. 
ail.- (1977) observed significant sexual dimorphism in various 
body parts of Labeo calbasu. He observed that all the 
measurements in males were higher than in the females. The 
differences were more significant in the characters 
associated with length than width. Talwar (1961) concluded 
that significant differences in the sample of Halfbeak from 
Rameswaram with regard to the regression coefficient of the 
four morphometric characters did not reveal any sexual 
heterogeneity. The analysis indicates that the samples were 
derived from a homogenous population. On the contrary, Khan 
(1972) and Chatterji ei al- (1977a) and Ansari (1982) have 
reported in L. rohita. L. bata and Gadusia chapra 
respectively that none of the body characters showed any 
sexual difference in any of the two environments. The 
relative growth of both the sexes was found to be constant 
and same and these findings have been corroborated with the 
present findings of R. corsula. 
TABLE L i 
Statistics of regression of various neasurenents on total body length of R. corsula (Has, 
Bcdy characters 
Standard length 
Forked length 
Pre-dorsal length 
Head length 
Length o* caudal peduncle 
Depth of body 
i/idth of head 
Inter-orbital bidth 
Gut length 
Standard length 
Forked length 
Pre-dorsallength 
Head length 
Lenoth of caudal peduncle 
Depth of body 
llidth 0* head 
Inter-c^bital width 
Sut lenotn 
Sta-itfard lergth 
rc-led length 
^re-oorsol ,engt'', 
Head le'-at'' 
Lspg^h o'* ca.irfai Bedincle 
,;idth 3> Itiiii 
inter-o ' t i ta l .iiStl 
3at length 
T 
irtean total 
: length 
i 
T 
1 234.4 
! 234.4 
( 234.4 
1 234.4 
1 234,4 
1 234.4 
1 234.4 
1 234.4 
1 234,4 
i 263,0 
263.0 
263.0 
263.0 
263,0 
i 243,0 
1 263.0 
! 263.0 
i 263.0 
T 
1 245,4 
t 245.4 
245.4 
1 245.4 
1 245.4 
, 245.4 
; 245.4 
. 245.4 
i 245.4 
— J 
~r 1 if'ean length! 
1 of booy 
IceasuceriE-
Intsir-) y 
_ j 
'T 
: 199,5 
1 223.8 
f 102.3 
; 47.3 
i 43.6 
! 41.6 
1 24.5 
i 8.5 
! 549,5 
i 223.0 
1 251,1 
1 114.B 
1 53,7 
1 43.9 
! 46,7 
1 25,7 
i 9,3 
; 660,0 
" T — — 
i 206.9 
! 239,S 
• 109,6 
1 5e,i 
1 46,7 
1 44,6 
1 25,1 
1 3,9 
1 602.5 
T' 
Regression i' 
Icoefficienti 
! 
j 
1 
"T" 
i 
1 
i 
I 
1 
i 
i 
i 
1 
( 
i 
I 
1 
1 
! 
I 
J. 
'b i 
1 
Kale 
. - — —J . 
1,002 i 
1,038 i 
!,074 \ 
1,276 i 
1,415 ! 
1,547 1 
0,995 ( 
1,393 t 
2.005 1 
Fenaie 
0,935 i 
0,989 1 
1.071 1 
0,980 f 
1.324 1 
1.166 1 
1,389 1 
0,968 i 
1,639 > 
Corbined 
~r 
1 
i 
, 
! 
i 
I 
1 
1 
i 
- r 0,97/ ! 
1,004 . 
1.032 , 
1.053 i 
1,274 1 
1,207 
1.161 1 
1.029 1 
1.703 1 
Intercept 
a 
-0.073 
-0,105 
-0,539 
-1,347 
-1,707 
-2,039 
-0,?A9 
-2,380 
-2,007 
-0.037 
+0,010 
-0.526 
-0,fl41 
-1.514 
-1.419 
-1.945 
-1,373 
-1,145 
-0,015 
-!!,s-|25 
-0,55o 
-0.330 
-1.382 
-1.243 
-1.380 
-l.?13 
-1.298 
~T 
1 
i 'f 
1 
I 
"T 
s 36.942 
i 53,666 
• 49,651 
! 23.698 
1 16,952 
i 16,305 
( 18.603 
1 15,098 
i 29,347 
i 41,828 
i 77,671 
! 95,277 
I 50.829 
; 45.611 
! 23,067 
! 18,715 
1 14,243 
. 30.575 
T " 
i 60,060 
i l l i .382 
ill3,243 
43.493 
. 37,fW 
! 29.507 
, 22.;i4 
1 20,159 
! 43.651 
T 1 
1 1 
i Recark 1 
1 ! 
! 1 
j 1 
1 
,^—_«.—«,„„„ „_«, 
i S 1 
i 3 i 
1 S ! 
i S 1 
1 S f 
1 S 1 
1 S 
! 3 1 
! S 
L „ i "Ii 
i 
_ _ _ ! T i 
i s 1 i S 1 
! S I 
?i i 
i s j 
1 S 1 
! S 1 
1 s : 
1 8 i 
J _ _ ' 
— 1 
^ _ _ I 
T 1 
i S ! 
! S i 
, S 1 
! S 1 
! S , 
1 S 
1 S 
1 s ; 
1 S 1 
S - Significant at O.OOIX level 
I A M £ 1.2 
F'<6?la t ic jn&hip 
R . corsLila. 
o f v a r i c x i s t x x l y fnewsHurefmr i te w x L l i Unp t o t a l bcc l y l e r v j t h o f 
h'pUitacri&hip 
F-"ui'I-f_iJ l p ? r i g i h /'Tl 
Pre.'-(J! jf'.--cd Je r i c ) t h / " i l 
1 k?F'd J t iT iuLh / T l 
I p r r q t h o f ( a i i d f d fx- 'ci t- i rc.3L'/TI 
P f? f j t h o f I j o d y / ' T l . 
WjLdth o f hic^ad /'Tl 
I n ("£-r f II-1 a t a 1 W.T ri t l • /Tl _ 
B. i t I t - T K i l h / " i L 
R t a n d a r t i i t - f t q i h / T L 
F o r I f-:fi i H i r j t h ' ' T l . 
F ' re -~dor t a ] ] (- n q I h / T L 
Flf?riti l o n q t h / U 
i .c -T iq l l i o f ci:(Lida1 fTe^duiK 3 ( V l L . 
tepti) o f tAxJy / I L 
W.\dthi o f fnic-'d / T L 
J n t o r ~ o r l . a t a 3 wa rl 
Q . i t l e f i q + h / T l 
Lh 
R( -qr t->'j<^ (CO r-fji k i L j (ir i 
M a l p 
I f l o r r p l a l a o r i 
i c o f f f i r a t - f i l V 
1 LciTi 
1 l.O(3 
1 I OC| 
i I oci 
T i 1 r r i 
1 I o q 
1 1 cjq 
i LCQ 
1 L t ^ j 
\ ' 
Y 
Y 
Y 
Y 
V 
Y 
Y 
/ 
O „!.)/_'. 
---o„ior. 
--KKT'-Z'^ 
-- J „ 3 4 / 
--~1./'J7 
=•• V.O.V-? 
_. O.W-*'".' 
- - ? „ - O i " > 
- "-?„ l>"!7 
+ 
-( 
(• 
+ 
4 
4 
H 
H 
-1 
! .fK.Jl' 
J .o l ' , 8 
1 . 0 / 4 
1 , ? 7 6 
l . ' l J f i 
. 1 „ 1 4 / 
0 „ < W 5 
1 , JA3 
2. ChD? 1 
1 r i n 
l .rKi 
1.' CI 
Lcc i 
L o q 
1 OCJ 
I ! CJ 
L( 41 
L o q 
_ . . J . . 
X i 
X i 
X 1 
X 1 
X 1 
Y 1 
X 1 
V 1 
X 1 
1., 
—• — 
0 . 9 / 0 
OJ-TciJ 
o^m.:. 
o „ 9 - . L 
o„(-r/R 
0 . B 7 O 
o,£j<-;6 
o . B f C 
o.^'.e^ 
( f < 
( p ' 
( P I 
( p ( 
(F' ( 
( p ( 
(F' ( 
(F' ( 
(F' ' 
).rx:)i) 
Kii'n) 
> „0 ' ) l ) 
>,(X'J ) 
~K<M1) 
J.OOJ ) 
)„(>:> J ) 
) . iX ) i ) 
!.CH"!JI ) 
F'piTialfc' 
L.CiC| 
I rc) 
l -cf j 
I OCJ 
I (If) 
L f CJ 
Lcxj 
I ( x j 
I ( » l 
—'.>.r)37 
-h")„Olo 
= <J. 
— 1 , 
1 . 6 
Mi 
14'? 
; . " / • : . 
14 f. 
0 7 i 
9 8 r ! 
•i- J , 3 2 4 
t 0.9( '>n Lcc i 
•!• J ,,67.9 I c.q 
(T l 
c r i 
Lev.) 
) . 7 7 ? ( P 
)„9'9J t 'p 
) , 9 9 4 ( P 
>.^?8J ( P 
. . ) . 9 / / 
)„94',? 
>„EU9 
. ) ,9! :A-) 
(F-
( p 
( I -
( p 
( p 
fk.in)Larit-<! 
,0<.).1 ) 
,i.h.)J ) 
, a . ) j ) 
,Cx.)l) 
.OCA ) 
,i:x)i) 
XK>1 ) 
Fitar ic l a r d J f T )(J Lh / FI. 
f o r F t d U:T)qt^p / I L 
F- ' re-dor '^ -a l l o n q i h / T l 
H e a d l t t i ( ) t h / l l 
I c.fiq t h ("; f ( c It tt la 1 fTEdunc I o / T l 
I f e p t h o f bocJy / T L 
W x d t h D'<' hicvid / T l . 
FnLpr -Cir fcat .^ l w i d t h / T l 
(•^it I c f i f j l h / l l 
I (XJ 
I cjq 
L CX.1 
LCXJ 
I (.xj 
L t c i 
L o ( j Y -. 
L f x i Y 
l.CKi Y - - 1 „ : ^ ^ ! 
- 0 , 0 1 6 
" r),o?h 
-0 .87,0 
-^ 1.24-, 
- 1. :a) 
Lciq 
t CO 
l . t c i 
LcxT 
0 , 9 7 / 
1 , I . H V | 
I . a-!',' 
1.ot.(3 
1 . 2 7 4 I o g 
J . 2 0 7 L o q 
J . J 6 J l . rx j 
J . O . V I o t i 
J . 7 0 •. I ex J 
X 
X 
X 
X 
y 
X 
X 
X 
y 
I.. 
0 . 9 7 f i 
0.<^'^2 
0.<-?<=;2 
0 , 9 6 2 
0 , 9 4 0 
O . 9 0 7 
O.QTA (P 
o K2B (P 
o . 9 t : 4 (P 
(P-
( P 
( P 
( P 
f p 
( P 
.).(.H")t) 
"j.rx!!) 
).(X")1) 
:>.oot) 
:>.(>") J ) 
:),0(:!i) 
'>,^y'n) 
:iSKn) 
"J.t.V)!) 
F.L 
Fig.U. Measurements of Rhinomug\[ corsuta (Hamilton) 
used In morphometric situdy. 
D.B.-Depth o fbody 
F.L.-Forked length 
H.L.-Head length 
I.O.W.-Inter orb i ta l width 
LCR-Length of caudal 
pedunc le 
RDl rPre-dorsa l length 
S.L.- Standard l eng th 
T . L . - T o t a l l eng th 
W.H.-Wldth of head 
8 Fin fo rmu la - D^A/0;D2l/8;P.1/13;V.V6;A.3/9;C,15;Ll.-55~ 
< 
i n 
rsi 
p i 
<n 
N 
IN 
r i 
rsi 
lO 
f>l 
i n 
tM 
•* 
ci 
•? 
ci 
C«l 
C<1 
.> 
i 
E ^mm^ 
X 
t-
o 
z UJ 
- J 
< 
h-
o 
H-
o 
o 
- i 
It 
0 
c 
0 
UI 
c 
0) 
e 
L 
3 
in 
10 
or E 
>-
D 
0 
• 
•P rg 
C -^ 
01 3 
L U) 
0) L. 
4- 0 
4- u 
•H 
T) • 
4- 01 
0 '•* 
no 
E 
C 
0 4-
•H 0 
in 
in r 
01 4^ 
L 0> 
a> c 
01 OJ 
Q: -• 
fO 
OJ in 
rCi 
CO O) 
(UJUJ) S i N 3 W 3 H n S V 3 W AOOS 9 0 1 
CN 
FEMALE 
e" 
z 
2 
cc 
< 
2 
> 
o 
o 
CO 
o 
o 
—J 
3.0 
2.9 
2.7 
2.5 
2.3 
2.1 
1.9 
1.7 
1.5 
1.3 -
2-1 22 2.3 24 2-5 . 2-1 2-2 2-3 2-A 
LOG TOTAL L E N G T H ( m m ) 
2-5 
Fig. 1.3. Regression of different body measurements on total 
length of female £.. corsula. 
C O M B I N E D 
3-0 • 
gO.9 
ow. 
2-1 22 2-3 2A 25 2-1 2-2 2-3 2.A 25 
LOG T O T A L L E N G T H ( m m ) 
F i g . 1 .4 . Reg ress ion o f d i f f e r e n t body me«Buremant:« on t o t a l 
l e n g t h o f combined ( M a l e , Female) Q^. c o r s u l a . 
C|ai)tet II 
leMtJ-tpeigdt ttlatiott0|tp5 
25 
INTRODUCTION 
While attempting to study biology of a fish it is 
necessary to analyse the mathematical relationship between 
its length and weight. Studies on these parameters solve 
various problems concerned with the biology of fish. It can 
be an indication of some important events in the life 
history of fishes such as metamorphosis, size at first 
maturity, variation in growth, general well being of the 
fish, gonad development and breeding season. In fishery 
practice, knowledge of length-weight relationship for a 
given species could be of practical utility: a) in measuring 
fish yield from a water body, and b) in regulating the 
fisheries through construction of desirable mesh-size of the 
fishing gear in response to the demand in the market for a 
fish not having less than a marketable size and weight. Mesh 
size of the gear determined for the escapement of smaller 
individuals and retention of particular commercial sized 
fishes. Such fishes will be caught again when they attain 
the desired size and weight. This avoids the time consuming 
field works in setting the size of the mesh. A formulation 
of this relationship can be of purely academic interest as 
far as the formula is concerned to calculate a corresponding 
length or weight when only one of these parameters is known. 
The analysis will reveal the extent to which two variables, 
length and weight, are related to each other and thereby 
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help one to calculate, with ease, one variable when other is 
known. 
In the natural habitat, the weight of a fish increases 
as the length increases, thereby showing that the weight of 
a fish is a function of length. Length is a linear 
measurement and easily measurable and can be converted into 
weight which is a measure of volume. It is generally 
regarded that, for fish the relationship between length and 
weight could be expressed by the hypothetical cube law. The 
general assumption, that the weight of the fish varies as 
the cube of its length W = cL , did not show accuracy in the 
empirical results. This cubic relationship holds good only 
in the ideal fish where the specific gravity and form remain 
unaltered as they grow. Usually the specific gravity of the 
fish is maintained as that of the surrounding water by the 
swim bladder and, therefore, changes in weight for a given 
length are due to the changes in forms or volume (LeCren, 
1951). The length - volume relationship gives an idea of 
seasonal changes in the specific gravity (Tester, 1940). 
If form and specific gravity were constant throughout 
life, the cubic relationship could be used to describe the 
general length - weight relationship in population of fishes 
and thus serve as the basis for the calculation of unknown 
weight of fish of known length. Generally, any animal or a 
fish is continually prone to change its bodily proportions 
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during life and, therefore, the cube law does not apply-
throughout the life history. A more satisfactory formula for 
relationship between length and weight has been proposed: 
W = aL^ ; where 
W = weight, L = body length, 'a' and ^b' are constants, to 
be calculated empirically from the data as the coefficient 
of condition. This general parabolic form of equation was 
used to show statistical relationship between length and 
weight. Since the weight-length ratio is power relationship, 
logarithms were used so that the exponential relation could 
be expressed by a linear equation: 
Log W = Log a + b Log L ; 
which corresponds the regression line equation:-
Y = a + bX ; 
where (Y = log W) and (X = log L) are two variables and 'a' 
and 'b' are constants. A survey of literature on length 
weight relationship are available showing varied opinion of 
workers for different species such as LeCren (1951) for 
perch ; Narasimham (1970) for Trichiurus leoturus ; 
Krishnamoorthi (1971) for Nemipterus .iaponicus ; Mojumder 
(1971) for Tachvsurus thalassinus ; Marichamy (1974) for 
Herklotsichtys punctatus ; Vinci and Nair (1974) and Hoda 
(1976) for Nemipterus .iaponicus along the Kerala and 
Pakistan coasts respectively. Dan and Mojumder (1978) 
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discussed the length - weight relationship of Tachvsurus 
tunuispinis (Day) and Victor (1978) for Cynoglossus 
macrostomiis. Chatterji £i ai. (1977b) and Choudhury ei;, ai. 
(1982) described this relationship in Indian major carps. 
Mustafa (1978) studied Esomus danricus (Ham.) collected from 
river Kali, ponds and channels of Aligarh region. The 
length-weight relationship of Cirrhina mrigala (Val.) and 
Cyprinus narpio (Ham.) was explained by Soni and Kathal 
(1979). Observations on this aspect has also been carried 
out by Kamal (1982) and Siddiqui and Ahmad (1986) for Corica 
biharensis and Q.. soborna (Ham.); Malhotra (1982) for hill 
stream cyprinid. Tor tor (Ham.); Bhagat and Sundar Shyam 
(1983) for Schizothorax olagiostomus: Hoda (1983) again 
studied for anchovy Thryssa mystax in the Northern Arabian 
sea and Rao (1983) for Saurida tumbil and S.- undosquamis • 
Udupa and Bhat (1983) described the length-weight 
relationship of Indian mackerel which were caught from 
Mangalore, Gangoli and Karawar waters. Chandrika and 
Balasubramonian (1986) have discussed this relationship for 
Xenentodon gancila (Ham.); Lazarus and Reddy (1986) for 
spiny eel, tlacrognathus aculeatns (Bloch); Hoda (1987) for 
Boleophthalmus dussumjerj and E. dentatus of Karachi coast; 
Sivakami (1987) for Qmpck bimaculatus (Bloch) from 
Bhavanisagar reservoir (Tamil Nadu) and Dawe (1988) for a 
short finned squid in Newfoundland. 
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Limited information on the length-weight relationship 
in mullets is available. Studies of Pillay (1954) on the 
biology of Hugii tads.; Sarojini (1957, 1958) on the MugjLi 
parsia (Ham.) and HagiJL cunnesius (Val.); Luther (1963) on 
Liza, macrolepis and MugJJu cephalus provide very little 
information on length - weight relationship. Ranganathan and 
Natarajan (1969) and Sugunan and Vinci (1981) have also 
attempted to study the biology along- with length-weight 
relationship of Rhinomugil corsula (Ham.) collected from 
Krishnagiri, Sathanur and Nagarjunasagar reservoirs and 
compared the length-weight relationship between the 
specimens of diffferent impoundments. Rangaswamy (1976), Das 
(1977) and Gowda eJi ai. (1987) also worked on these 
parameters for Hugil cephalus and Valamugil seheli (Forskal) 
respectively. 
Unfortunately no comprehensive work on R. corsula 
(Ham.) has been done in Northern India. Therefore, an 
attempt has been made to study the length-weight 
relationship in R. corsula with the aim of determining (i) 
whether the length - weight relationship differs between the 
sexes at different maturity, (ii) whether the sexes show any 
demonstrable differences in the weight increment, and (iii) 
whether the coefficient of regression of log weight on log 
length departs significantly from the cubic value. 
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MATERIAL AND METHODS 
Data used in this study were obtained from a sample of 
200 mullets (Rhinomue'll CQT«sula) caught from the river 
Yamuna. Later, in the laboratory, fish length was measured 
to nearest mm from the tip of the snout to the end of the 
caudal fin, and weighed upto the nearest g. The fishes were 
sexed and their state of maturity assessed according to the 
scheme followed by Qayyum and Qasim (1964, a, b & c). Fishes 
were analysed into several groups, namely, combined, males, 
females and fishes of five different maturity stages and 
different size groups were estimated separately. The fish 
sampled ranged in length from 150 to 400 mm separated into 
five groups. 
The length - weight relationship was calculated from 
the following non-linear formula : 
W = aL^; 
Where W is the body weight (g), 
L - total body length (mm), 
a - the constant, and 
b = the exponent. 
This relationship was also expressed through the logarithmic 
transformation: 
Log W = Log a + b Log L ; 
where Log 'a' and 'b' are constants. Constant 'a' measures 
the initial growth index and 'b' represents the slope of the 
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regression line. Values of these constants were calculated 
by the least squares method after logarithmic transformation 
of the non-linear equation into linear form. The correlation 
coefficient (r) was evaluated by the equation given by 
Michael (1984). 
The relationship between length and weight for each 
group was determined separately. Data for all fish were used 
to convert the values for both variables to common 
logarithmic values and fitting a straight line to the 
logarithmic values by the method of least squares. 
In order to find out whether the two sexes of R. 
corsula in their different stages of maturity and different 
size groups show any difference in the length-weight 
relationship J analysis of covariance was employed. 
Scatter diagram was drawn by plotting the length of 
fish against the weight. The regression of logarithm of 
weight on logarithm of length, thus calculated, was 
represented graphically to get an idea of the relationship 
between the two variables, weight and length, and also the 
extent of vriation. The t - test was employed to test 
whether the regression coefficient depart significantly from 
the cubic value. The equation Log W = Log a + b Log L was 
computed separately for each group and a straight line was 
fitted to the scatter diagrams. The weight of fish was 
Z2 
calculated by the equation and a length - weight curve was 
plotted. 
RESULTS 
Length - weight relationship by sex :-
Estimates of the log length - weight relationship for 
males and females are given in Table 2.1. The rate of change 
of weight relative to length (regression coefficient) is 
significantly different for males ( b = 2.767) and for 
females (b = 2.987) indicating that males increase lesser in 
weight than females, and that both sexes grow at a rate less 
than 'cube of length'. The significance of the variation in 
the estimates of coefficient 'b' from expected 'cube law' 
was tested by 't' test. The values for males and females, so 
obtained, were 21.890 and 31.760 respectively, which are 
highly significant at 5% level. The observed values of 
length and weight were plotted in Fig. 2.1 showing straight 
line relationship. Analysis of covariance for difference in 
the regression lines of the length-weight relationships for 
males and females in R. corsgla showed significant values, 
suggesting separate equations for males and females (Table 
2.3). The length - weight relationship is represented by the 
regression equations for males and females :-
Log W = -4.480 + 2.767 LogL (Males) 
or in arithmatic transformation 
W - 0.331 X 10"^ L2-767. g^ j^ 
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Log W = -4.978 + 2.987 LogL (Females) 
or in arithmatic transformation 
W = 0.105 X 10"^ L2.987 
The correlation coefficients (r) for these relationships 
were found to be 0.925 and 0.950 for males and females 
•o 
respectively. Hence, the cubic formula W = aL will not be a 
proper representation of the length - weight relationship in 
R-corsula-
Length - weight relationship by different maturity stages : 
The relationship between length and weight for 
different maturity stages of males and females specimen are 
apparently expressed by the allometric equation W = a L and 
logarithmically by the formula Log W = Log a + b Log L. The 
regression estimations are presented in Table 2.3. The 
results indicate that the slope of the regression, 'b' and 
the intercept 'a' of the regression line for each maturity 
stage for both sexes were different from each other. 
However, significant difference was noted in maturing and 
spent fishes. The fourth maturity stage of female i.e. ripe 
stage showed highest value of regression coefficient 
(3.190) while it was observed highest in males in the first 
stage of maturity (2.968). However, the value of regression 
coefficient was always ranged from 2.5 - 4.0 in all stages 
of maturity in both sexes. In each stage the weight 
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increases more or less than the cube of length except in the 
third maturity stage when it is cube of length in females. 
To know the degree of association the coefficient of 
correlation, 'r' was estimated. The values of 'r' showed 
high correlation between length and weight in each maturity-
stage (Table 2.1). The significance of variation in the 
estimates of coefficient 'b' from expected 'cube law' was 
tested by 't' test and found significant at 5% level of 
probability. It indicates that the weight increases at a 
rate approximately to the cube of length. 
The significance of differences between the regression 
coefficients 'b' was tested by the method of analysis of 
variance. The relevant data, represented in Table 2.2, 
indicate that -
i) between sexes, the F - test at 5% level showed the 
two regressions differ significantly in elevation, 
ii) within different maturity stages, the slope of the 
regression 'b' and the intercept 'a' of regression 
lines for each sex were not significantly different. 
DISCUSSION 
The well known general concept on the length - weight 
relationship is that the weight of fish would vary as the 
cube of its length. But as the specific gravity and the 
shape or body outline of the fish are subjected to nhange, 
the cubic law need not hold good always (Rounseefell and 
Everhart, 1985). Only for an ideal fish that maintains 
constant shape^ the value of 'b' will be 3 (Allen, 1938) 
i.e. the weight will be proportional to the cube of length 
if the fish does not change form or density as it grows. 
LeCren (1951) concept of cube law suggesting an exponent of 
3.0 applies only for an ideal (hypothetical) fish, which 
fairly serves as a scale to make comparison with. If the 
exponent is 3 it indicates poor condition of the fish and L 
emphasizes the robustness. It appears from a close study of 
these observations for the two sexes of R. corsula that the 
regression coefficient reflects the fact and the 
length-weight relationship does not exactly follow the cube 
law. However, the value of 'b' in the parabolic equation 
departs significantly from 3, so much so that the exponent 
lies between 2.5 - 4.0. A survey of literature reveals that 
the value of exponent exhibits interspecific as well as 
intraspecific variations. The latter are usually used to 
denote the living condition of fish. Hile (1938) and Martin 
(1949) reported the exponent varying from 2.5 - 4.0 in 
fishes. Antony Raja (1967) found a range of 2.0 - 5.4 in 
marine teleosts. According to them the changes in morphology 
with advancing age may, however, cause the value of 'b' 
depart significantly from 3. The departure from the cube law 
may be due to several other factors. 
3D 
Length-weight formula for E.- corsula from river Yamuna 
revealed that the exponent was less than 3, suggesting that 
weight of the fish increased less than cube of the length. 
In the present study, as the regression coefficients,of the 
equations were different, they were tested separately for 
their deviations from the cubic value by employing "t' test 
showing highly significant deviation from cubic value. 
Ranganathan and Natarajan (1969) and Sugunan and Vinci 
(1981), who have collected this species from Sathanur, 
Krishnagiri and Nagarjunasagar reserviors, also reported 
the exponent value more than 3 showing that weight increased 
a little more than the length cube which is contradictory to 
the present study. Deviation from the isometric value of 3 
for R. corsula is supported by the reports of Krishnamoorthi 
(1971), Manzer (1972), Vinci and Nair (1974), Malhotra 
(1982), Bhagat and Shyam (1983), Hoda (1983), Rao (1983) 
and Sivakami (1987) for different species. Choudhury ei. ai. 
(1982) have published results of their work on Indian major 
carps of river Brahmputra showing that the exponent values 
of Gaila ca-t I a and Cirrhina mrigala were almost equal to the 
cube of length, while in the case of Lg.beo spp. weight 
increased less than the length cube. However, all samples 
were collected from the same impoundment. Mustafa (1978), 
working on Esomus danricus, observed the variations in 
length-weight relationship associated with habitat 
differences. The relationship was represented by the 
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regression equations. Log W - -2.625 + 3.245 Log L (for 
channel fishes) and log W = -1.539 + 2.631 Log L (for pond 
fishes). The correlation was found to be highly significant 
(P < 0.001). The value of 'b' ensured the rapid growth of 
the flowing water fishes as compared to their counterparts 
occurring in stagnent waters (ponds). According to him the 
additive action of various factors in stagnant ponds, such 
as oxygen deficiency, competition for many necessities of 
life as space, food and shelter seemed to adversely affect 
the growth rate and condition factor of pond dwelling 
fishes. Contrary to this the circulation of water induced by 
currents in the channels appeared to cause mixing of water 
at all depths to even out differences in dissolved oxygen 
concentration, temperature, nutrients besides minimizing the 
effect of repressive factor. Such conditions invariably 
offer more opportunities to fishes to conserve almost all 
the available space and other resources in the habitat. 
Furthermore, since length-weight relationship of fish 
varies depending on the condition of life and environment, 
the variations in this relationship provide a measure of 
condition coefficient (degree of well-being) of fish and the 
suitability of its environment. These variations in the 
observed biological phenomenon, associated with the habitat 
differences have not been included in the present 
observation for R. cprsula which was collected from a single 
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environment i.e. river Yamuna. It can be noticed from the 
confidence interval (continuous lines) where rarely a point 
lies beyond the confidence interval suggesting that the 
samples were taken from a homogenous population. For 
comparing the length-weight relationship in different 
environments, the length - weight equations for R. corsula 
in Sathanur, Krishnagiri (Ranganathan and Natarajan, 1969) 
and Nagarjunasagar reservoir (Sugunan and Vinci, 1981) are 
given below : 
Sathanur Reservoir 
Log W = -2.098 + 3.002 Log L 
Krishnagiri Reservoir 
Log W = -2.523 + 3.175 Log L 
Nagarjunasagar Reservoir 
Log W = -1.965 + 2.958 Log L 
As the above equations were meant for the entire 
populations, a similar equation was derived by pooling males 
and females, for the sake of comparison, as: 
Log W = -4.986 + 2.986 Log L 
It is evident from the specimens collected from the 
river that the weight increases at a slower rate than the 
cube of length. While the weight increases at a faster rate 
than the length cube in the specimens of reservoirs Sathanur 
and Krishnagiri. This disparity may be due to sampling 
artifact or inadequacy of observations or else a 
manifestation of racial or stock difference, and 
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environmental relations. This confirms the statement of 
MacGregor (1959) that the values of 'n' or 'b' can be 
influenced by sampling irregularities such as sampling from 
different localities, periods and inclusions of mature and 
immature specimens. In the present case there is no such 
irregularity because the entire sample was collected from 
same environment over a short period. Based on the above 
said observation the author reviewed the various 
environmental relations ranging from the direct mechanical 
effect of water currents to those involving nutrient 
distribution, oxygen circulation, repressive factor, 
dilution, appetite modification, etc. which suggest 
advantage of living in running water also. It is clear from 
the results of present study that females are in better 
condition than the specimens of male. This implies that to a 
given body-length the females tend to gain more weight than 
their counterpart males. The observations reported by 
Sarojini (1957) for Mugil parsia and Gowda ai. al. (1987) for 
Valamugil s.fi.he 1J lend support to these findings. They fitted 
the regression line to the data that indicated straight line 
relationship between the two variables. It has also been 
reported by the same workers that females increased in 
weight by an exponent (regression coefficient) of 2.848 and 
2.681 and males by 2.793 and 2.523 in Hugii parsia and 
Valamugil seheli respectively. While Pillay (1954) did not 
find any significant difference in the two sexes of Mugil 
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taiie.. Similar higher values of regression coefficient for 
females have been demonstrated in Nemioterus .iaponicus 
(Krishnamoorthi, 1971; Vinci and Nair, 1974), Boleophthalmus 
dentatus (Hoda, 1987), lijx. iHJl (Malhotra, 1982). Contrary to 
these findings the work of Pathak (1975) for Labeo calbasu: 
Chatterji eJL al (1977b) for Labeo bata: Chanchal aJL aJL. 
(1978) for Anabas testudineus: Lazarus and Reddy (1986) for 
spiny eel, Macrognathus aculeatus ; Hoda (1976, 1987) for 
ELemipterus .iaponicus and Boleophthalmus dussumieri; Sivakami 
(1987) for Qmpok bimaculatus from Bhavanisagar reservoir and 
Dawe (1988) for short finned squid showed that the rate of 
change of weight relative to length is significantly 
different for males and females indicating that the males 
increase faster in weight than females and both sexes grow 
at a rate less than cube of standard length. 
Sex related differences in weight at a given length 
based on relationship involving total weight may be due to 
differences in gonad development or other physiological 
changes. Linear regressions of log weight on log length were 
calculated and relationship was based on predictive 
regression described by sex alongwith the different maturity 
stages of each sex. It is quite clear from the results that 
the gonad development is comparatively more effective in 
females than in males. In the maturing and ripe fishes i.e. 
from second to fourth maturity stage the weight of fish 
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increased more significantly but after fourth maturity stage 
i.e. in fifth which includes all spent fishes the weight 
started decreasing. It is, therefore, obvious that both 
sexes showed high rate of increment alongwith the length in 
the ripening and ripe fishes rather than spent fishes. Same 
results were obtained by Chatterji e±. al. (1977b) for Labeo 
bata (Ham.). Beverton and Holt (1957) stated that important 
deviations from isometric growth in adult fishes are rare. A 
number of factors, viz, gonad development, season, 
physiological condition of the fish at the time of 
collection and nutritive condition of the water from which 
the fish were collected (Chanchal ei. SLL- 1978) or food and 
feeding habits of the fish (Soni and Kathal, 1979) may 
influence the value of 'b'. It is observed in the present 
findings that the gonad development influences the value of 
regression coefficient. Female fishes from maturing to ripe 
stage do not depart greatly from cubic value. 
The spent stage of males also showed loss of weight but 
this loss is more prominent in females, or it may be said 
that the loss of eggs effected more than the loss of sperms. 
The fourth (ripe) stage female gain more weight causing an 
increase in regression coefficient upto 3.190 which is less 
in other maturity stages. This difference in relative 
condition suggests that gonad development promoting the 
weight may also be a contributory factor. It clearly shows 
that in the spawning season the weight of gonads increased 
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considerably and so the total weight of adult fishes also 
increased. As soon as the fishes discharged their gonad 
products, suddenly the weight decreased, which consequently 
affected the value of 'b'. Such changes in the value of 'b' 
reflect the extent of spawning season of the fish. The 
seasonal changes and notably the period during and 
immediately after spawning affect the length-weight 
relationship. Total weight may also be altered by the weight 
of stomach content. This idea lends support to the value of 
"b' which is less than cubic law in the present analysis. 
During post—monsoon period, when sampling was done the fish 
were in recovery phase after spawning in monsoon. However, 
no idea could be derived with regard to the discrepancy due 
to gut content of the individual fish. This is suggestive of 
the fact that gonad development is more influencial on 
length-weight relation compared to the physiological and 
feeding condition of fish. 
Rangaswamy (1976) obtained two regressions from the 
Ennore and Adyar estuaries, for a grey mullet, Hugil cephalus 
during 1969 and 1970. He examined the data through analysis 
of covariance to find out whether the regressions differ 
between years and environments. The analysis indicated that 
the relationship did not differ significantly between years 
and environments. The entire data collected from two 
environments for two years duration were pooled and a 
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general relationship between length and weight was 
calculated (Log W = -4.498 + 2.778 Log L). Luther (1963) has 
also concluded that the length - weight relationship in Liia. 
macrolepis does not differ significantly from the sea and 
lagoon environments near Mandapam. Contrary to these 
findings, Manzer (1972) determined the relationship for 
males and females separately during 1956 and 1957. In his 
findings, covariance analysis of the data indicated that 
within years the regression coefficient did not differ 
between males and females, and on an average, both sexes of 
a particular length were significantly heavier in 1956 than 
in 1957. According to him the reason for demonstrable 
difference between years in the elevation of regression 
lines for either sex remains obscure. 
TABLE 2.1 
Statistics of regression of log weight on log length of R. corsula (Haa.) 
„, , ,, , 
Stsirce ! Intercept 1 Regressim ! S.S.due | Residual I D,F.! Correlatim i i | 
i i coefficient I to regression! S.S. 1 1 ccefficient I ' t ' i Retark 1 
1 'a' 1 'b' 1 1 i ! r' i i I 
Hale 1 -4.480 I 2.767 i 4.(«5 I 2.308 i 177 i 0.925 121.89 I S 1 
Feaale i -4.978 ! 2.987 1 1.939 i 5.215 i 221 1 0.950 |3i.760i S 1 
Maturity stage I (Hale) ! -4.971 j 2.968 j 0.896 j 0.024 i 37 j 0.895 |8.046 | S 1 
Haturity stage I (Feialei i -4.322 I 2.709 ! 0.361 I 0.152 I 33 j 0.935 18.500 j S i 
Maturity stage I I (Hale) i -4.403 I 2.740 i 0.636 i 0.132 1 35 i 0.959 |13.544i S I 
Haturity stage I I (Feaale) i -5.145 j 3.056 i 0.205 j 0.796 1 43 I 0.967 115,3301 S j 
Haturity stage I I I (Hale) I -4.599 j 2.818 i 0.672 ! 0.241 I 29 1 0.891 17.030 j S i 
Haturity stage I I I (Feaale) 1 -4.997 j 3.000 1 0.410 i 0.735 1 49 I 0.940 ji3.210| S I 
Haturity stage IV (Halej 1 -4.284 j 2.687 ! 0.818 1 O.W I 33 I 0.913 18,500 j S I 
Haturity stage IV (Fesale) 1 -5.446 I 3.190 1 0.422 I 0.755 I 49 1 0.955 |i4,5'^i S 1 
Haturity stage V (Hale) I -3.753 j 2.454 i 1.083 I 0.304 I 39 | 0.854 16.964 I S j 
Haturity stage V (Fecale) I -4.738 | 2.872 i 0.579 I 0,647 I 43 i 0,963 115.3311 S i 
Total wthm different 1 _ i _ 1 5.691 I 8.967 i 390 1 _ 1 _ I i 
tiaturity stages 1 1 1 i l l I 1 i 
i _ 1 _ 1 Difference 1 ,0007 i 10 I _ i _ i ! 
! - ! - ! '^-'^ j .005 i 9 1 _ i _ i j 
Total between eteans of i i t i l l i l l 
different maturity stages 1 -5.138 I 3.048 i i j I i l l 
1 ! i Total 1 8.972 1 399 I _ j _ I 1 
Combined (Hale * Female) 1 -4.986 I 2,986 I 5.691 I 8.967 i 400 1 0.''50 142.8101 S ! 
• ( 1 I I I I I I ! 1 1 I I I I I I 
1 I dif ference j .004 I 1 j 1 1 ! 
S.S,= Sua of squares, D,F.= Degrees of freedoss, S = SignifiCdnt at 57. level 
TflHi2.2 
ftialysis of variance for data in table 2.1 
Sffirce 
IXie to total regression 
Between regression coefficients wthin 
different iaturity stages 
Difference betwren pooled, mthin 
different oaturity stages and 
cearrs regression 
Deviation of isans froo Eeans 
regression 
Residual 
Total 
Sua of Squares 
5.691 
0,0007 
o.mib 
O.00546 
3.967 
14.669 
D. F. 
1 
10 
1 
9 
390 
400 
Variance 
5.691 
0.00007 
n,0ti476 
0.000606 
0.023 
Variance Ratio ' F ' 
248.510 
0.00305 
O.2078 
0.0264 
1 
Reaar^  ! 
S 1 
NS i 
NS i 
NS i 
S = Significant at 57. level, N S = Hot Significant 
TABLE 2.3 
Regression and parabolic equation of weight on length of R. corsula 
Source 
Wale 
Fe'^ile 
Conbined 
Haturity Stage 
daturuy Stage 
l a tu r i t y Stage 
Maturity Stage 
Maturity State 
Maturity Stage 
Maturity Stage 
Maturity Stage 
Maturity Stage 
Maturity Stage 
I (Mare) 
i (fei^le) 
11 (Male! 
11 (Fenale) 
i n (Male! 
I l l (Fesale) 
IV (Male) 
IV (Resale) 
V (Male) 
V (FeEaie) 
Rer 
Log kl = 
Log W = 
1 og !i = 
Log tl = 
Log W --• 
Log H = 
Log « = 
Log H = 
Log H = 
Log « = 
Log H = 
Log W = 
Log M = 
'Pbsion Equation 
- ¥.480 + 2,767 Log L 
- 4.978 + 2.987 Log L 
- 4.986 + 2.9B6 Log L 
- 4.971 + 2.9&CI Log L 
- 4.322 + 2.70^ Log L 
- 4.403 + 2,740 Log L 
- 5.145 + 3,056 Log L 
- 4.599 + 2.818 Log L 
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INTRODUCTION 
Condition of fish in general is an expression of 
relative plumpness of a raised fish with respect to the same 
species taken from other water bodies or to other species of 
fish taken from the same water body. The relationship of 
weight and length in fish by growth implies change in 
relative magnitude of these variables. This relationship of 
weight against length reveals a power curve of exponential 
form whose slope may differ considerably between species, 
between populations, or seasonally for the same population. 
However, because its slope and shape's characteristics are 
sensitive to the relatively high variability in weight at 
any particular length, this simple form of representation of 
weight against length is not usually regarded as a very 
useful biometrical indicator. Condition factor (K) is 
another important and undeniably more useful derivative of 
growth which is also termed as ponderal index. In any 
material body in which, with increasing size, the linear 
proportions remain constant, weight (if density remain 
constant) and any particular linear dimensions of the body 
are related essentialLy as in the following expression :-
K = W/L3 (Weatherley and Gill, 1987) 
A change of weight at a particular length, or a change 
of length, without corresponding change in weight, will 
alter the 'K'. 'K' measures the deviation from a 
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hypothetical ideal fish. However, LeCren (1951) noted that 
in many instances the cube law fails to apply. He, 
therefore, suggested to calculate a 'relative condition 
factor' which measures the deviation of an individual fish 
from the average weight for length. It appears that, 
whichever approach is used, some caution in specifying 
application and usefulness will be required. For many 
purposes the simple expression K = (W/L^) x 10^ appears 
quite satisfactory for the study of Rhinomugil corsula. In 
fact, by plotting such 'K' values against fish length we may 
be confounding two sources of variability (Tesch, 1971). 
They are: (1) differences among individuals of a given size 
and any change in relative weight are due to normal 
allometric growth, (2) the array of such values may, at a 
glance, provide a valuable insight into the condition of a 
population. 
Investigations were also undertaken on the condition of 
fish as part of study of the biology of mullet species in 
West Bengal by Pillay (1954) on Mugil tade and Sarojini 
(1957, 1958) on Hngii parsia and Hiigii cunnesius. 
Ranganathan and Natarajan (1969) provided a meagre 
information about the fluctuation of ~K' values of 
Rhinomugil corsula collected from two sources in Tamil Nadu. 
A number of investigators have commented on 'K' factor of 
other species of mullet like EL-Maghraby ei sLL- (1973) for 
A§ 
hiigll. capitQ. and Gowda eJL aJL. (1987) for Valamugil seheli 
(Forskal). Investigations have also been made on condition 
factor of other fishes like Setipinna phasa (Jhingran, 
1972); Nemipterus japonicus (Hoda, 1976); R5.j3.mas danricus 
(Mustafa, 1978); Corica soborna and Q. biharensis (Kamal, 
1982); AmblypharvngQdQn chakaiensis (Babu and Nair, 1983); 
Ambassis nnmmersnnii (Nair aJL aJ.-, 1983); SaurJda tumbil 
(Rao, 1983); QmBSiK bimacJiiIaJius (Sivakami, 1987). Choudhury 
et ai. (1982) studied the condition factor of four Indian 
major carps of river Brahmputra. The procedure of 'K' 
determination has been utilized most effectively in 
different kinds of population analyses like (i) in comparing 
two or more individuals of the same species of a population 
living either under similar or different conditions of food, 
density, climate etc., (ii) differences arising from 
seasonal changes in relation to age and sex of the fish, 
(iii) differences among individuals of the same length, (iv) 
in determining the timing and duration of gonad maturation, 
and (v) in assessing the gradual buildup or decline of 
feeding activity over an extended period or of population 
changes possibly attributable to alterations in the food 
supply. 
MATERIAL AND METHODS 
In the present study, specimens were collected from a 
single population living under similar conditions i.e. river 
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Yamuna. Regular monthly samples were utilized for this 
purpose. This study is based on samples having the size 
range of 181 to 360 mm. The length (L) of specimens was 
measured to the nearest mm and the weight (W) was recorded 
in g. Fishes were generally cut open and viscera along~with 
gonads were taken out. Weight of gonads and gut were taken 
separately on a sensitive balance. Fishes were sexed and 
state of maturation was determined following the scheme of 
classification used by Qayyum and Qasim (1964a, b, c) and 
Chatterji (1976) for different fish species. Usually the 
density of the fish is maintained as same as that of the 
surrounding medium and hence change in weight or length are 
due to change in form or volume and not due to specific 
gravity. Such changes in the present observations were also 
analysed by the 'K' factor or coefficient of condition after 
following Weatherley and Gill (1987). The recommended 
formula is : 
W 
K = ( ) X 102 ; 
L3 
where W is the weight in g and L is the length in mm. 
W 
If the specific gravity of fish is unity then K 
L3 
The value of "K' is generally multiplied by 100 to obtain 
the value of 'K' into a round figure. As fish grow older 
they tend to gain proportionately more in weight than in 
length and so, the value of 'K' increases with age. For 
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determining the 'K' value of different size groups, the 
fishes were divided into different size groups. By 
deierininiiig the 'K' value in different months and of 
individuals of different maturity stages it is possible to 
define the seasonal variation in the condition of fish in 
relation to age, sex, gonad cycles and rate of feeding etc. 
which might also serve as an index of the productivity of 
that water body from where the fish were caught. 
RESULTS 
It has already been pointed out that condition of a 
fish is influenced to varying extent by several factors. 
Value of condition factor ( K ) was calculated for an 
individual fish and the values obtained for different 
individuals were grouped according to size of fish, month of 
capture and different maturity stages (Tables 3.1 to 3.3 and 
Figs. 3.1 to 3.6). 
Relation between K and size classes : 
Fluctuations in condition factor with increasing length 
of fish are quite apparent from the Table 3.1 and Fig. 3.1. 
Individuals having length between 181 to 360 mm were only 
considered in this study as the specimens for smaller and 
larger sizes i.e. below 180 mm and above 360 mm were very 
few for correctly interpreting the results. 
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The males : 
The whole population throughout the period of 
observations was divided into nine length groups starting 
from 181 to '•iHU mm. It is seen that the values of 'K' 
increased steadily in smaller sizes and then started 
decreasing gradually as the length increases upto 260 mm. 
Thereafter, it again started increasing and then decreased 
in the fishes of size group of 281 to 300 mm. The values of 
'K' have often been used to provide additional evidence as 
to the length at which a species attains sexual maturity. 
The point of inflexion of curve thus obtained, on 201 to 220 
mm, has been regarded as an index of the spawning period. It 
is also observed that some fish attained maturity when they 
were 221 to 240 mm long and all males reached maturity by 
the time they were 241 to 260 mm, when curve shows 
diminution of 'K' value. After this there was a rise in 'K' 
value perhaps due to gain in weight of the recovering fish. 
The curve again steeped as the length increased upto 281 to 
300 mm. 
The females : 
The 'K' values of the female in respect of the various 
length groups exhibit certain interesting peculiarities. The 
population is designated into nine length groups. According 
to the presented data in Figure 3.1, the minimum size at 
first maturity stage was 201 to 220 mm, assuming by the 
diminution of "K' value (i.e. 0.940). Thereafter, upto 300 
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mnij the value of 'K' showed a major fluctuation in between 
0.955 to 0.977 in different size ranges, which may be 
attributed to the spawning activity of the species. Again a 
sudden peak of the curve was observed at 301 to 320 mm (Fig. 
3.1) length having the value of 'K' more than 1. The value 
of 'K' started subsiding when fish attained a length between 
321 to 360 mm. It is evident from the Fig. 3.1 that the 
point of inflexion is safer to assume the size at which the 
spawning takes place. Moreover, from the Fig. 3.1 it may be 
concluded that the female were in better condition than that 
of the male specimens throughout the investigations. 
However, all samples were collected from the environment 
having similar environmental conditions and the size at 
which the first sexual maturity was observed was also same. 
Seasonal cycle in condition factor : 
To ascertain maturity and spawning time, the seasonal 
variations in the coefficient of condition for the male and 
female fishes were examined. The mean values for each month 
are given in Table 3.2 and plotted in Figure 3.2. 
The males : 
In the curve for the male fish the difference in trends 
between condition with gonado-somatic index and gastro-
somatic index is not so marked as in the females. Although 
there are little seasonal variation in the weight of the 
testes. The increase in 'K' values begins in April and shows 
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high variations in the coming months with the value of 
ponderal index less than 1. In April, this value remained 
1.001. In all months the 'K' value remained relatively near 
to the mean except in April, May, June and July when it was 
above the mean. Therefore, monthly variations in the 
condition factor of male fishes were found to follow almost 
a similar pattern throughout the year (Fig. 3.2). Having 
thus ascertained that the gonad weight and body weight ratio 
did not alter with size of fish, mean gonad weight and body 
weight ratios of samples of different lengths were used to 
trace the seasonal fluctuations. It is seen that the 'K' 
values were maximum in April and minimum in August and 
October. From October onwards gonado-somatic index started 
increasing along-with the gradual increas in 'K' (Fig. 3.3). 
In April the condition of the fish was quite better. 
The females : 
From the results of the present study (Fig. 3.4) the 
'K' cycle appears to follow the same pattern as shown by 
seasonal changes in gonado-somatic index. In the 
pre-spawning period, from April to June these two factors 
showed their maximum values. The maximum 'K' value in May 
and June coincided with the highest gonado-somatic index 
value (Table 3.2). The low value in July may be attributed 
to low frequency of spawning in this month and that of 
August and September on account of the peak spawning. Low 
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'K' values alongwith gonado-somatic index during October 
represent post-spawning condition from which the female 
recovers gradually in incoming months. 
The study of gonads have shown that the breeding season 
starts around the month of July. The peak of condition as 
noticed in May and January was perhaps due to pre-spawning 
gain in weight and high rate of feeding respectively. With 
the commencement of spawning there was a fall in condition, 
most probably, due to the loss of gonadal products during 
spawning. 
Relation between K and different maturity stages : 
The 'K' value fluctuated considerably in fish of 
different maturity stages. Fishes were sexed and classified 
according to the maturity scheme. The fishes were divided 
into five maturity stages. Immature (stage I), maturing 
virgins or recovered spents (stage II), Ripening (stage 
III), ripe (stage IV) and spent (stage V) (Figs. 3.5 & 3.6). 
The males : 
Low values of 'K' were obtained for immature specimens 
which were gradually increased till fourth maturity stage. A 
peak was noticed at fourth or ripe stage followed by a sharp 
decline at Vth or spent stage, when the individual released 
all gonadal products. From the Fig. 3.5 it is quite clear 
that the 'K' value of fifth maturity stage remained high as 
to compare with first maturity stage. 
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The females : 
In the curve for females (Figure 3.6, Table 3.3), it is 
seen that value of 'K' start increasing sharply from the 
very 1st maturing stage upto fourth maturity stage 
maintaining a high value. The point of inflexion on curve 
showing diminution of 'K' value in fifth maturity stage. In 
females, fifth maturity stage also includes spent fishes 
which after spawning discharge their gonadal products. This 
may be related to the decreased value of ponderal index. It 
is, therefore, concluded that the increase in condition 
factor is mainly due to the gain in weight accompanied by 
the maturation of gonads during pre-spawning period (stage I 
to IV) and the sharp decline in the values is the result of 
mature fishes becoming spent, consequently, leading to loss 
in weight and condition. 
Relation between K and breeding cycle : 
The condition factor cycle and gonado-somatic indices 
(Gn.S.I.) for males and females are illustrated in Figs. 3.3 
& 3.4 . From the figures^ it is clear that 'K' changes with 
the growth of fish in relation to different maturity stages 
and months particularly in females. The immature and pre-
spawners show better "K' than the actively breeding adult 
fish. It is clearly reflected in the cyclic seasonal changes 
in 'K' with breeding cycle also. In males also the immature 
and pre-spawners indicated better 'K' than spent fishes. 
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However, the condition factor was not much affected by the 
cyclic changes in gonado—somatic index with regard to 
months, while in different maturity stages both cycles 
follow the same fluctuations. The peak in 'K' factor of the 
population clearly follow the same pattern with regard to 
the peaks in gonado—somatic indices for both males and 
females. 
Relation between K and feeding cycle : 
The monthly variations in the gastro—somatic index of 
the fish are presented in Figs. 3.3 & 3.4. A comparison of 
cycles show that the fluctuations in the condition factor is 
more influenced by the spawning cycle than by feeding 
activity. The periods of heavy feeding activity showed 
comparatively low 'K' value in both the sexes and 
vice—versa, specially in females where the specimens 
confirming the diminution of 'K' alongwith the loss of 
gonadal products during spawning period. By that time the 
weight of gut furnished its peak value in the form of 
gastro—somatic index. It is more evidenced by the 
fluctuations in condition during different maturity stages 
too (Figs. 3.5 & 3.6) as the condition in fishes can be 
affected more by the onset of maturing causing high values 
of 'K' and not by gastro—somatic values. Fifth maturity 
stage includes all spent fishes showing low 'K' values but 
higher rate of feeding. It is, therefore, concluded that 
55 
feeding cycle does not follow the same pattern as followed 
by 'K' and gonado—somatic index. 
DISCUSSION 
It is evident from the results of present study that 
the fluctuations in coefficient of condition with different 
factors are quite apparent. As determined, 'K' will remain 
constant, no matter how large an animal becomes, provided 
the linear proportions (shape) remain constant. Suppositions 
that change in condition during growth are produced by 
alterations in bodily proportions, rather than changes in 
length, gonad development etc. should be tested, otherwise 
the ecological significance of condition changes could be 
seriously misconstrued. Even in the fish, growing in 
laboratory conditions at different constant temperatures and 
food supplies, condition against length can display 
considerable variations. 
The increase and decrease in "K' values with increasing 
length was also observed in R. oor^ula,, like other species. 
It was pointed out by Hart (1946) and found applicable by 
Menon (1950) and Pillay (1953), that the point of inflexion 
on the curve showing a diminution of ^K' value with 
increasing length is a good indication of the length at 
which sexual maturity is attained. This feature has often 
been applied successfully in many fishes (Pillay, 1954; 
1^ 6 
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Sarojini, 1957; Qayyum and Qasim, 1964a, b & c; Kagwade, 
1968). Pantulu (1961) suggested that this increase and 
decrease in the value of 'Kn' in different length groups of 
both the sexes can be related to the number of spawnings 
during the life span of the fish. In both the sexes of R. 
corsula. the first point of inflexion with increasing length 
was conspicuous between 201-220 mm (showing lowest K value). 
Following the statements given by above mentioned 
workers, this is in agreement that this point is the minimum 
size at which fish attained its maturity. Thereafter, 
fluctuations may be attributed to the spawning activity of 
the species upto a certain extent. Such major fluctuations 
were also observed by Sivakami (1987) in Qmpok blMSS 
in size range between 271—340 mm and Rao (1983) in 
tumbil and attributed it to spawning activity of the 
species. Again a peak in the curve was obtained at the size 
range between 261—280 (in males) and 301—320 (in females) 
with highest 'K' value and declined with increasing length 
onwards. This rise may be due to intensive feeding or stage 
of gonadal development for next spawning. The findings of 
"K' value with increasing length in the present study is in 
close agreement with the earlier observations made by Gowda 
si sJL. (1987) for YaiajaugJJ. aeJiaii from Mangalore waters. 
They have reported that Y.. seheli start maturing in the size 
range between 220-240 mm. They have also concluded that 
sudden rise in 'K' might be due to recovery of fish weight 
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after spawning through intensive feeding or stage of gonadal 
development for next spawning. 
Pillay (1954) has also obser\?ed in Mugil tade a 
progressive decrease in 'K' value with increase in length 
upto about 21 cm. Thereafter, it showed a marked rise. The 
apparent incompleteness of the curve in male K. corsula 
beyond 300 mm size is probably due to the non-availability 
of specimens of more than 300 mm length in the samples. The 
conspicuous absence of males of more than 300 mm length 
during the study period leads to the irresistible conclusion 
that, most probably, those males spawned in the previous 
breeding season do not survive up to the next pre-spawning 
period and became scarce during the next spawning and post-
spawning periods. Sarojini (1957) studied the condition of 
Mugil parsia in relation to size. She concluded that male of 
this species attained maturity when 95—105 mm long and all 
males reach maturity by the time they were 115 mm long, 
while females attained the maturity when they have reached 
the size range of 105—115 mm. It is evidenced by the low 
values of 'Kn' obtained by Sarojini (1957). She observed 
gradual rise in 'Kn' values after spawning and proposed the 
reason as the gain in weight of the recovering fish. 
Nair ei SLL- (1983) worked on Chanda commersnni i and 
reported that the active breeding or spawning stress, almost 
constantly encountered by the adult groups, may be the cause 
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for the uniform fall in 'K', while the immature smallest 
groups and almost senile largest groups show better 
conditions due to their non—entry and nessation or slowing 
down in breeding activity respectively. Qayyum and Qasim 
(1964aj b, c) observed in different fish species fall in 'K' 
values in larger fish of both sexes and attributed it to 
increased metabolic strain on account of spawning in older 
age groups. Perhaps with increase in age senility sets in 
and complete recovery is caused by building new tissues 
through reserves. Thereby, increase in weight gradually 
declines. Presumably this is the reason for their being 
poorer in condition than the younger breeders. Findings of 
the present study do not pinpoint absolute dependence of 'K' 
on length, as ~K' was not found to be generally higher with 
increase in length of this species. Low values of 'K' were 
frequently recorded for larger specimens. This is in close 
agreement with the observations made by Kamal (1982) on 
Corica hiharensis and G. soborna- But Bhatt (1970a and 1971) 
observed that in the fish studied by him *K' did not give 
any indication of the size at first maturity stage. In the 
present study, the peak at 221—240 in the "K' values for 
both sexes probably indicates the recovery of fish from the 
first spawning and the fall at 241—260 may be due to the 
consequent spawning. The steep rise at 261—280 in males and 
301-320 in females may be due to the fish getting ready for 
the subsequent spawning. 
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Several factors have been pointed out by earlier 
investigators as influencing the condition of fish. The 
monthly fluctuations in 'K' values are known to be 
influenced by two factors. The majority of authors reported 
that fluctuations in condition are closely related to the 
sexual cycle of the fish and the increase and decrease in 
'K' are due to increase and decrease in weight of gonads 
before and after the spawning (LeCren, 1951; Morrow, 1951; 
Pillay, 1953; Sarojini, 1957 and Pantulu, 1961). However, 
other workers have suggested that monthly fluctuations in 
the condition factor are more closely related to the feeding 
rhythm than to the reproductive cycle and is independent of 
it (Hile, 1948; Qasim, 1957; Bal and Jones, 1960; Blackburn, 
1960 and Bhatt, 1971). Generally the increase in condition 
factor is attributed to the gain in weight accompanied by 
the maturation of gonads during the pre-spawning period, and 
the sharp decline in the values is the result of mature 
fishes becoming spent, leading consequently to lowering of 
weight and condition. 
In R. corsula. the seasonal changes in 'K' values 
showed that both sexes attained peak condition from April to 
July. However, females showed 2 peaks i.e. in the months of 
May and January, while males showed valley in May. This 
rise in 'K' value corresponds to the period of maturation of 
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gonads as it is closely associated with rise in 
gonado—somatic index during these months. The abrupt fall in 
condition during August to November can not be related to 
the feeding intensity. Slight increase during Geptembcr in 
male and during January in female may be due to active 
feeding rate. Similar trends have also been noted by Khan 
(1972) and Chatterji (1976) in Labeo species. The apparent 
absence of males beyond 300 mm gives the irresistible 
conclusion that the individuals beyond this size do not 
survive at all. It may also be concluded that in males, 
individuals beyond 261 to 280 mm in total length represent 
the ageing class and they are removed gradually from the 
population by mortality. The sharp fall of 'K' value in 
males during May suggests the advent of old age and 
consequent mortality as observed by Nikolsky (1963), Qayyum 
and Qasim (1964a, b, c) and Babu and Nair (1983). 
It is clear from the results (Fig. 3.2) that the 
increase and decrease in 'K' values are more or less similar 
in both the sexes, thus indicating almost equal metabolic 
activity in males and females. Matured fish (IV maturity 
stage) appeared in the samples conspicuously during the 
months from April to July giving rise in *K' value but the 
fluctuations in condition of fish till October (Male) and 
November (Female) might be due to extended spawning season. 
Findings of the present study are in close agreement with 
the findings of Morrow (1951) in Longhorn Sculpin, who has 
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reported that at the start of the spawning season, a peak of 
condition is reached which could be associated with the pre-
spawning growth of the gonads. Similar observations have 
also been made by Pillay (1954), Sarojini (1957), 
EL-Maghraby £i. sJL. (1973), Gowda £i. ai. (1987) for different 
species of mullets. It appears from a close scrutiny qf the 
curves for the two sexes that a certain amount of the 
growth—potential is sacrificed for building up of the gonad 
products. This sacrifice seems to be greater in the case of 
females than in males, as it is evident from the results of 
condition in relation to different maturity stages. In the 
fifth maturity stage, when all fishes have released their 
gonadal products and became spent, low values of 'K' were 
obtained. This loss is usually found more conspicuoas in 
females than in males. However, the pattern of ^K' cycle in 
both the sexes is almost the same as the cycle of gonad 
maturation according to their preceeding stages. 
In other words it may be concluded that the ^condition' 
of tiish is highly influenced by the development of gonads. 
Similarly, Thompson (1943) has pointed out that the high and 
low "K' values in the plaice, Pleuronectus plate.^ .sa., are 
found before and after spawning. Contrary to the present 
findings and the findings of above mentioned workers, 
Hickling (1945) in his studies on cornish pilchard, 
has found the condition low before 
t2 
spawning and high after, which was explained by him as due 
to sexual cycle and higher intensity of feeding 
respectively. LeCren (1951) investigated "relative 
condition" throughout the year in the Windermeyer perch 
population in which the main differences between the 
patterns of change in mature males and females and immature 
fish were attributed to the sexual cycle i.e. change in 
gonad size. There was*a massive and rapid loss in relative 
condition in mature females at spring spawning when large 
quantities of ova were released. In mature tench, Weatherley 
(1979) has found a simpler condition cycle. A loss of 
condition follows release of ova and sperms. This is in 
agreement with LeCren (1951) and Weatherley (1979) that the 
condition in fishes can be affected by the onset of 
maturity. 
Nair ei al. (1983) have found that peak in 'K' and 
gonado—somatic indices for females (I year) and males (II 
year) of the population clearly alternate with peak of each 
other for both males and females. They kept in view of the 
fact that the pr&epawners and first maturing males and 
females were found to have fat deposition on the immature 
and ripening gonads. They were found to be completely used 
up in ripe and actively breeding adult fishes. Qasim (1957) 
suggested that the waxing and waning of the 'K' factor can 
probably be due to the building up or loss of reserves of 
the fish. Moreover, the figures in the present study bring 
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to light the one conclusion that the condition with gonad 
may be indicative of a certain amount of sacrifice in 
general body weight towards the building up uf ova and 
sperms and causes the peaks and valleys in the curves. 
The other factor which seems to govern the rise and 
fall of 'K' is the feeding rate of fish (Qasim, 1957; Bal 
and Jones, 1960; Bhatt, 1971). Having traced the correlation 
between the seasonal cycle in the gonad weight and in the 
'condition', it was felt necessary to determine whether the 
weight of the gut exercised any influence on the seasonal 
changes in ponderal index of the fish. Bhatt (1970a, 1971) 
observed in Mystus seenghala and HeteropnPUS.tes faasUULs. 
that the increase and decrease of 'K' value gave no 
indication of the spawning season of these fish. He observed 
that the feeding rhythm was closely related to 'K' than the 
cycle of gonad weight. He also observed that the feeding 
intensity overshadowed the effect of increase and decrease 
of gonad weight on the condition factor.' The influence of 
feeding intensity on the condition factor does not seem to 
be quite apparent in R. corsula- A negative correlation was 
observed throughout the investigations. Gut content analysis 
shows that mostly plant materials, algae, detritus, sand 
and mud dominate food materials of R. corsula as such the 
weight of these items does not seem to be very conspicuous 
like the food items in carnivorous fish such as Hysina 
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seenghala. and Heteropneustes f-aaaiJJ.s (Bhatt, 1970a, 1971) 
where the feeding intensity has considerable effect on 'K' 
values. Present investigations coincided with those of 
Sivakami (1987) for Q.. bimaculatus. who emphasized that the 
fluctuations in the condition factor is more influenced by 
the spawning cycle than by feeding activity. 
A review of the condition of R.corsula proves beyond 
doubt that the female fish is in better condition than that 
of male throughout the investigations. However, the samples 
were collected from the same environmental condition. In the 
present observations no definite pattern in the fluctuation 
of ^K' values could be discerned to interpret the increase 
and decrease of the condition coefficient in comparing two 
or more conspecific populations living either under similar 
or different conditions of food, density, climate, etc. It 
has been proved that the fish obtained from river or flowing 
waters tend to gain more weight than their counterparts from 
the stationary waters. The comparison of present values of 
'K' with the findings of Ranganathan and Natarajan (1969) 
for Rhinomugli ooxsiila bring it into special prominence. 
They collected samples from two basin like artificial 
impoundments, the Krishnagiri and Sathanur reservoirs in 
Tamil Nadu, irrespective of size and sex. They concluded by 
comparing different environments that the 'condition' of 
the fish is better at Sathanur than that of Krishnagiri 
reservoir. But the same species collected from river Yamuna 
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during present investigations showed much better condition 
as evidenced by the higher 'K' values (around 0.929 for 
males and 0.975 for females) throughout the investigations. 
The observations, made by Love (1970) and Mustafa (1978) on 
fishes from running water, lend support to these findings. 
It, therefore, appears that besides the sexual cycle 
and food intake, other factors also may be responsible for 
the variations in the condition factor values. Blackburn 
(1960) in the Australian barracouta, Thvrsites SLtiiJl, and 
James (1967) in the ribbon fish, Eupleurogrammus intermedius 
from Indian waters, could not correlate the changes in 
condition either to the gonad cycle or feeding habits. These 
authors felt that changes in condition might be due to 
factors other than the reproductive cycle and feeding 
habits. Hile (1936) reviewed other reports and data on 
condition in the cisco, Leucichthys artedi. living in north 
American lakes in which clear differences were detected 
between populations. Allen (1951) examined trends in 
condition in various year classes of trout living in several 
sections of the Horokiwi river and found few consistent 
differences, although there was a tendency for condition to 
be rather higher in summer, which coincided with more rapid 
growth at that time. Allen also showed that floods helped in 
reducing growth with an accompanying fall in condition. 
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Ranganathan and Natrajan (1969) explained on the basis 
of limnological findings made by Sreenivasan (1968) in the 
same reservior, that the invariably warmer temperature, high 
alkalinity, total hardness, electrical conductivity and 
total dissolved solids over 300 ppm are the indicative of 
its ^saline' nature. They concluded that higher silicate 
content, higher primary productivity and the higher calcium 
content are possibly tthe factors that could have had their 
influence leading to the increasing trend of the 'K' factor 
in Sathanur reservoir. Sreenivasan (1964) has studied the 
condition coefficient of mirror carp in different waters, 
both of hills and plains, which varied with reference to the 
hydrology and productivity of the waters and the quality of 
the soil, the condition factor being uniformly higher in 
eutrophic water bodies. 
The present study on B.. corsula from Yamuna river 
hampered for any clear interpretation of differences between 
condition of the individuals of same species in different 
waters and so on. The comparison of the above findings made 
by Ranganathan and Natarajan (1969) compelled the authoress 
to agree with their statements. The additive action of 
various factors in stagnant waters, such as oxygen 
deficiency, stratification of indispensable nutrients, 
accumulation of body wastes of fishes and unoxidized 
chemical compounds, competition for many necessities of life 
as space, food, shelter, seemed to adversely affect the 
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growth rate and condition factor of reservoir and pond 
dwelling fishes. Contrary to this the circulation of water 
induced by currents in the running water habitat appeared to 
cause mixing of water at all depths to even out differences 
in dissolved oxygen concentration, temperature, nutrients, 
besides minimizing the effect of repressive factor. Such 
conditions invariably offer more opportunities to fishes to 
conserve almost all the available space and other resources 
in the habitat. 
Love (1970) explained that low6r oxygen concentration 
in stagnant waters also adversely affects the swimming speed 
and, thereby, fishes get less exercise and are thus less 
fitter than fishes of the running water. Another source of 
impairment of normal growth and biological condition of the 
still water fishes is the increase in the concentration of 
some toxic substances in water which remain unoxidized due 
to lack, of oxygen or its deficiency in the habitat. In 
running waters, these substances get no chance to accumulate 
because the circulation of oxygen in the entire column is 
sufficient to oxidize them and rendering harmless condition 
to the fishes (Nikolsky, 1963). According to Brown (1957) 
and Bouck and Ball (1965) the appetite of fish is one of the 
chief factors to govern the growth and hence the condition 
of the fish. It is directly related to the concentration of 
dissolved oxygen. It is reasonably regarded that the fishes 
from oxygen rich environment, i.e. running water, should be 
t8 
in better condition. After reviewing the present findings on 
R. corsula it may be concluded that the fishes of running 
water show better conditions than that of the reservoirs or 
stagnant water. 
TABLE 3.1 
Mean 'K' values of R.corsula at different size groups 
Size groups 
181 - 200 / 
Male 
\ 
201 - 220 
221 - 240 
241 - 260 
/ 
\ 
Female 
.Male"" ' 
Female 
261 - 280 
281 - 300 
301 - 320 
/ 
\ 
/ 
\ 
/ 
\ 
/ 
\ 
/ 
\ 
.Male 
Female 
Male 
Female 
Male""' 
Female 
Male 
Female 
Male 
Female 
321 - 340 / 
\ 
Male 
Female 
341 - 360 / 
\ 
.Male 
Female 
361 - 380 / 
\ 
.Male 
Female 
381 - 400 / 
\ 
.Male 
Female 
0.971 
0.972 
'o.g'io' 
0.940 
0.826 
0.977 
0.917 
0 
0 
0 
0 
955 
950 
969 
893 
0.969 
1.036 
0.991 
0.994 
0.922 
TABLE 3.2 
Relationship between seasgnal cycle in condition, gonado-somat 
index and gastro-somatic index of R. corsqla. ic 
MAY 
JUN 
/ 
\ 
/ 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 
JAN 
FEB 
/ 
\ 
/ 
\ 
/ 
\ 
/ 
\ 
/ 
\ 
/ 
\ 
/ 
\ 
/ 
\ 
Male 
Feina_le 
Male 
Female 
Male 
Female 
¥ale"" 
Female 
Male ~ 
Female 
Male 
FemaJ.e 
"MaTe 
F^ ema2e 
Male 
Female 
Male 
Female_ 
Male 
Female 
MAR 
Male 
Female 
APR 
Male 
Female 
K 
b .'945" 
1.040 
0.977 
1^021 
b. 983 
0.982 
0.882 
_0_^ 938 
"0.916 
0.909 
0.868 
0.932 
0.909 
0.907 
0.927 
0.985 
0.916 
1.042 
0.925 
_0._973_ 
'5.904 
0.983 
1.001 
0.990 
Gonado-somatic index^ ^ (Gn.S.I.) 
1.403 
5.478 
1.539 
5.938 
1.643 
4_^ 467 
07940 
2^ .656 
0.365 
0^664^ 
b.sii 
1.290_ 
"or478" 
1.444_ 
0.545 
1.478 
0.566 
1.666 
0.572 
2.771 
0.677 
3.930 
0.940 
4.351 
3.487 
5.8_57_ 
3.998" 
6.3_43_ 
4.i27' 
_4^943_ 
"37966 
5.386 
3.578 
4.383 
2 r844" 
3.926 
2.664 
3.528 
2.667 
3.398 
2.537 
3.371 
Gastro-somatic 
3 .755 
~2."592" 
3^09g_ 
"2.510" 
3.605 
Grand mean K = 0.929 
TABLE 3.3 
Mean "K' values of fi.. corsula at different maturity stages and 
its relation with gonado-somatic index (Gn.S.I.) and gastro-
somatic index (G.S.I. ). 
Source 
Maturity stage Ist(Male) 
Maturity stage 1st (Female) 
Maturity stage Ilnd (Male) 
Maturity stage Ilnd (Female) 
Maturity stage Ilird (Male) 
Maturity stage Ilird (Female) 
Maturity stage IVth (Male) 
Maturity stage IVth (Female) 
Maturity stage Vth (Male) 
Maturity stage Vth (Female) 
K 
0 .892 
0 .938 
0 .948 
0 .978 
0 .933 
1.007 
0 .952 
1.022 
0 . 9 1 1 
0 .895 
Gn. S. I . 
0 .506 
1.318 
0 .555 
1.606 
0 .921 
3 .308 
1.699 
5 .786 
0 .380 
0 .614 
1 
G. S. I . i 
3 .574 i 
4 . 6 8 6 1 
2 .969 I 
4 . 5 0 6 1 
2 . 8 8 3 i 
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INTRODUCTION 
As fish grows it ages and vice versa. Age and growth 
are closely linked. A major question of great significance 
in fishery management is "At what age does a fish attain a 
certain length"? Problems such as longevity, age of sexual 
maturity, age of spawning, age of catchable size, rate of 
growth, age composition of a population and many others 
depend for their solution on the ability of fishery 
biologists in accurately deciphering the age of individuals. 
Information on the growth of a fish is an important 
pre-requisite in understanding the dynamics of fish 
populations. In fishery yield studies, growth is a basic 
variable determining the exploitable stock and yield from 
the fishery (Beverton and Holt, 1957). Biologists in solving 
various problems of life history of fishes have led to the 
accumulation of considerable information on this subject 
from temperate, tropical and subtropical regions. In these 
studies either the scales(Seshappa and Bhimachar, 1951,1954 
Pillay, 1954; Sarojini, 1957, 1958; Jhingran, 1959; Pantulu 
1961; Natarajan and Jhingran, 1963; Thakur,1967; Kamal,1969 
Kagwade, 1971; Khan and Siddiqui, 1973a; Rangaswamy, 1973 
Koski, 1978; Chatterji ei ai., 1979; Johal and Tandon, 1981 
Reddy, 1981; Tandon and Johal, 1983; Rao and Rao, 1986 
Lazarus, 1987) or otolith ( Pantulu and Singh, 1962; Sinha 
and Jones,1967; Ntiba and Jaccarini, 1988; Dayaratne, 1990; 
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Tzeng and Yu Shyue 1990) or opercle (Qasim and Bhatt, 1968; 
Blake and Blake, 1978) or pectoral spine (Pantulu,1961,1983; 
Menon,1986; Ramakrishnaiah, 1988; Kohli, 1989) has been used 
for age determination. 
From freshwaters, age and growth studies based on the 
interpretation of annual marks on scales have been 
successfully made on Cirrhina mrigala (Jhingran, 1957, 1959; 
Kamal,1969), on Catla catla (Natarjan and Jhingran,1963), on 
Lall£i2. rohita (Khan and Siddqui (1973a), on Labeo tiaia 
(Chatterji at ai.(1979), on Channa punctatus (Reddy, 1981), 
on Tor putitora (Johal and Tandon, 1981) and on Puntius 
sarana (Tandon and Johal,1983). 
A sound Knowledge of age and growth of fishes is of 
prime importance in the management and forecast of their 
fisheries. Conflicting views have been expressed regarding 
the age and the life span of the mullets based on the 
studies of the growth-checks of its scales by Jacot (1920) 
for Hagii cephalus and H- curema: Kesteven (1942) for MiigJLl 
dobytla; Pillay (1951, 1954) for different species of 
mullets; Thomson (1951) for Hugil dobula: Sarojini (1957, 
1958) for bliigii paxsla. and Mugii. cunnesius; Devasundaram 
(1952), Thakur (1967) and Rangaswamy (1973) for Miigil 
cephalus. The principle of age determination of an 
individual fish based on the recognition of periodic growth 
checks on certain skeletal structure viz., scales, otolith. 
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vertebrae, opercular bones and fin rays. It is well known 
that the growth of a fish is not uniform throughout the year 
or through its span of life showing alternating fast and 
slow rates of growth depending on favourable or 
unfavourable conditions. This alteration of fast and slow 
growth rates of the fish expresses itself annually on these 
skeletal structures, as periodic fast growing (i.e. wide) 
and slow growing (i.e. narrow) zones. In case of fishes of 
temperate zones it has been established that these phases of 
growth checks are annual and there is a definite relation 
between the periodic marks on the skeletal parts and the 
growth of fish. Dutt (1969) and Qasim (1973) have drawn 
attention to the fact that, though tropical fishes do show 
growth checks on hard parts, they are not formed regularly 
once a year,as in fishes of higher latitudes. Two problems 
facing workers in tropical countries are (i) non-
availability of adequate samples throughout the year and 
(ii) lack of adequate information on the various 
environmental parameters which could be the causative 
factors for the formation of growth checks. 
Rhinomugil coraula (Ham.) is well known to sustain not 
only a very important inland capture fishery of India but is 
also a fish of great cultural value. Neither has any 
reliable age indicator of this species hitherto been known 
nor has its growth in the rivers of the country been 
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studied. For resolving the above said divergences of views 
on age and growth it was felt desirable to undertake a 
detailed study of its scale. The present study initially 
presents evidence on the validity of certain markings on the 
scales of R. corsula as indicators of its age. Growth of 
the species, by utilising the scales as well as by adopting 
length-frequency distribution method, is delineated. Growth 
in weight along with length relationships and annual growth 
rates have also been worked out. 
MATERIAL AND METHODS 
For scale studies, ten to twenty scales were taken 
uniformly from the region directly below the pectoral fin 
and above the lateral line. After immersing in 5% potassium 
hydroxide for about 5 minutes the scales were thoroughly 
washed to remove the mucous from the surface. Scales were 
then washed in tap water thoroughly by rubbing them gently 
between finger tips. The filmsy tissues and other extraneous 
matter attached to scale were removed by using a soft brush. 
The scales were dried on a neat blotting paper and kept in 
separate envelopes, on which all necessary details like 
date, total length of the fish and weight were noted. Scales 
having abnormal shapes and those considered to be 
regenerated ones, on the basis of the examination of the 
nuclear region, were rejected. 
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Being small and translucent, the scales were examined 
under binocular microscope fitted with ocular micrometer. 
Measurements were then converted into milimeters. Length of 
scale from focus to its outer margin and distance from focus 
to each annulus were measured. Number of complete annuli 
were counted for age determination. At least 4 or 5 scales 
were read from each envelope. The procedure was repeated. 
Ages were again determined irrespective of the previous 
diagnosis, tallied with independent reading of the previous 
diagnosis. Then it was considered final. 
The relationship between body length and scale radius 
was established by regression equation following the 
standard method of least square. Length of the fish at the 
time of each annulus formation was back calculated for each 
specimen separately, using direct proportion formula (Lee, 
1920) as suggested by Rounseefell and Everhart (1985). 
L X Si 
F 1 -
S 
where 'Li' is the length of fish at the time of annulus 
formation, 'L' is the length of fish at the time of capture, 
^S' is the total length of the scale measured from focus to 
outer margin of the scale or scale radius and 'Si' is the 
distance between the focus and each annulus of scale. 
The specific (instantaneous) growth 'G' was calculated 
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separately for each age group by the formula : 
Logo L2 — Log© Li 
X 100 
(T2 - Ti) 
where 'Li' and 'L2' are the lengths (mm) at the times 'T2' 
and 'Ti' respectively. Log© is the base of neparian 
logarithm. Thus, "T2 - Ti' is one and 'G' specific growth 
rate is expressed as percentage per annum. 
Von Bertalanffy growth equation was fitted to length at 
age data as described by Beverton and Holt (1957) : 
Lt - La i-e-K<t-to> 
where Lt = length at age t; La = asymptotic length; e = base 
of the neparian logarithm; K = coefficient of catabolism ; 
t = age of fish; to = arbitrary origin of the growth curve. 
To fit this growth equation to the length at age data, the 
following formula developed by Ford (1933), Walford (1946) 
of plotting Lt + 1 against Lt was applied : 
Lt + 1 = La(l-e-K) + Lt«-i 
where 'Lt' and 'Lt+1' are the lengths of fish at age 't' and 
't+1' respectively. A line was drawn at 45° through zero 
point. The curve intersected the line. This point of 
intersection showed the asymptotic or ultimate length (La). 
The resultant slope gave the value of coefficient of 
/ 5 
catabolism (K), which was calculated by equation 
K = L a - (La-Y)/La 
where (La-Y) is the distance between the asymptotic length 
and the point where the slope line cuts the Y-axis. ~to' of 
the Beverton-Holt relation was evaluated according to Ricker 
(1958) : 
(LogeLa + Kto) - LogeLa 
K 
where Loge(La-Lt) was plotted against the age of the fish, 
the value of LogeLa + Kto was obtained by Y-axis intercept. 
RESULTS 
Scales of R. corsula were ctenoid type, longer than 
broad and semitransparent, with a distinct focus in centre, 
surrounded by numerous crescentric circuli (Plate II ). 
Circuli were the surface ridges mostly continuous but often 
discontinuous with the scale framework. Primary radii were 
also fairly common, few in number and transversly arranged. 
Sometimes secondary radii were also distinctly seen. Annuli 
were almost transparent and appear as wide circular troughs, 
their number depending upon the age in years of the 
individual. Each trough carries few incomplete and narrowly 
spaced circuli as compared to the circuli outside it, which 
were complete and more widely spaced. These grooves of 
annuli run parallel with ridges. False rings were also 
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observed with these true annuli in some specimens. 
Individuals having such incomplete and irregular rings were 
ignored in this study. 
Nature of true annual growth rings : 
The true annual growth rings or annuli in R. corsula 
were characterised by light bands which were carried out 
spaces between circuli in the form of grooves. They extended 
to the posterior and lateral side of the scale. Posteriorly 
and laterally, these rings were parallel to the general 
contour of the scale. In these regions the circuli were 
broken, discontinuous and incomplete. The carved grooves 
were preceded by comparatively thicker and narrower circuli. 
The anterior margin of a continuous and transparent ring 
situated between two wide opaque bands was considered to be 
the margin of a growth zone. The discontinuous transparent 
bands were considered to be 'false ring'. Thus, each growth 
zone consisted of a wide opaque band followed by a narrow 
transparent band. The transparent ring became wider in the 
antero-lateral region of scale, it was from this point the 
growth ring was traced around the scale to check whether it 
was completed or not. 
Abnormalities : 
Abnormal scales occurred in about 10-15% of the 
observed individuals of E. corsula. The most frequent type 
of abnormality was asymmetrical regenerated scale or lati-
11 
nucleated scale. The regenerated scales were having large 
fused focus and had very few marginal circuli. Scales having 
abnormal shapes and those considered to be regen,ej:!;aJigd ones * 
^V MAD 
were rejected. /^•^>^ 
i ^ 
r 
'^  
:^f= 
->. 
:No. 
Validity of scales as a^e and growth indi^KJs^r : j ^ ^ 
According to Van Oosten (1929) the souWSWm^'^W^X-^iB 
scale method of determining the length of fish in 
successive years of its life and its annual growth 
increments depends on the validity of the following 
propositions:-
(1) That the number, indentity and relative size of the 
scale should remain constant throughout the life of the 
fish. 
(2) That the annual increment in the length of the scale 
maintains, throughout the life of the fish, a constant 
ratio with the annual increment in body length. 
(3) That the growth rings should be formed at regular 
intervals and at the same time of each year. 
In R. corsula the size and shape of the scale almost 
remained constant throughout the life and the highest degree 
of constancy in shape of the scale was found from the region 
just below the dorsal fin. Along the lateral line the number 
ranges from 46-55, but within this range the number has been 
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another evidence in support of validity of scale method and 
progressive slow growth with increasing age. 
Body length - scale length relationship : 
In order to ascertain the relationship between the 
radius of scale from nucleus to the anterior margin and the 
length of the fish, the individual measurements obtained 
have been plotted (Fig. 4.2) which yielded a straight line 
relationship. For further confirmation, the regression 
equation was calculated by least square method and its 
coefficient of correlation shows a linearity. The formulated 
relationship is as under : 
y = 0.084 + 0.031 X and 
r = 0.896 (P < 0.01) ; 
where Y - Scale length of fish (mm) (dependent variable), 
X = Total length of fish (mm) (independent variable), 
and r •= Coefficient of correlation 
This equation confirms that the increase in length of the 
scale bears a constant ratio to the increase in length of 
the fish. 
AGE AND GROWTH RATE 
Age composition : 
The length-frequency distribution at each age group of 
R. corsula as revealed by scale study has been tabulated in 
Table 4.1. The percentage composition of I, II, III, IV, V, 
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found to be stable. So, the scale of R. corsula provide 
scientific evidence in support of Van Oosten (1929) that the 
scale may be utilized as age indicator of the fish. 
Time of formation of growth checks or rings : 
Growth checks or rings, to be of use for age 
determination, must be formed at approximately the same 
period of the year in the scales. In the scales of R. 
corsula the growth checks or growth rings were characterised 
by the closely placed and discontinuous circuli. Thus, the 
scale showing a newly formed ring round the margin of scale 
is taken as showing a growth check in formation or which has 
been formed during different months of the year. Fig. 4.1 
shows that the first marginal ring began to appear between 
March and April. In adults (all year classes except first 
year class), breaks were noticed between April-August with a 
high frequency during June having percentage of 64.3% (Fig. 
4.1). This provides an ample basis for the assumption that 
the 'growth rings' are formed at about the same time. 
By resumption of circuli formation the annuli were also 
added systematically with the growth of fish. This 
phenomenon is regarded as a preliminary evidence sustaining 
the validity of markings as annual (Plate II). As the fish 
grows the marginal annulus get shifted more inward. So, the 
distance between annuli was observed in decreasing order 
when measured from focus towards the outer margin. This is 
so 
and VI year age groups was observed as 9.39, 35.71, 24.81, 
16.54, 11.27 and 2.25 respectively. The fish of ages I, II, 
III, IV and V years comprised of a moderate number of 
specimens while fishes of VI year age group were few in 
numbers. 
Average calculated length at each annulus, absolute growth 
and growth increment : 
The back calculated length from the fishes of different 
ages, growth at each age (absolute growth) and changes in 
growth rates of R. corsula are explicited in Tables 4.2 & 
4.3. The data pooled for both sexes, embodied in the table, 
have also been illustrated in Fig. 4.3. The growth rate of 
males and females did not show any significant difference 
and, therefore, combined growth rate of males and females 
has been taken into consideration. It was found that' the 
specimen of present study attained lengths of 145.6, 193.8, 
229.4, 263.2, 292.7 and 315.7 mm at the age of I, II, III, 
IV, V and VI years respectively. It is seen from the Fig. 
4.3, that there was a progressive decrease in the rate of 
growth with increase in age. A progressively declining 
growth rate with increasing age is also clearly visible from 
lower growth curve (growth increment curve) ( Fig. 4.3). 
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Average calculated weight for age : 
Fig. 4.4, demonstrates the absolute growth curve of R. 
corsula representing the weight at defferent years of life. 
The mean calculated weights attained by the fish were 30, 
101, 143, 205, 308, and 312g at the end of I, II, III, IV, V 
and VI years of life as incorporated in Table 4.3. Fig. 4.4 
shows that the curve rises slowly at first, with an 
increasing slope followed by weight increment, then after a 
certain extent the growth slows down abruptly. 
Specific or instantaneous growth rate : 
Specific growth rate 'G' was also found to be decreased 
as the age of the fish increased (Table 4.3, Fig. 4.5). 
Fitting of Von Bertalanffy growth equation to length at age 
data of R. CQrsula. 
The Von Bertalanffy growth equation is based on the 
concept that its growth is the net result of the interaction 
of two generally opposing processes, those tending to 
increase the mass (anabolism) and others tending to decrease 
it (catabolism), then an equation is obtained which gives a 
linear relationship between length at time *t' and 
at time 't+1'. The Von Bertalanffy growth equation 
Lt=La l-e-K(t-to) is mainly based on three parameters 
La, K and to. The graphic transformation of Ford (1933) and 
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Walford (1946) has been presented in Fig. 4.6 . It gives a 
straight line relationship. Thus, the asymptotic length (La) 
has been estimated to be 331.25 mm. This estimate seems to 
be realistic, since the maximum recorded size in Yamuna 
river for R. corsula is 396 mm. The value of Log© La+Kto is 
the Y-axis intercept (5.800) in Fig. 4.7, where Log© (La-Lt) 
is plotted against age. 
The values estimated for these parameters are : 
La - 331.25, 
K = 0.5547, and 
to = -0.0052 
The value of La, K and to have been substituted in 
the equation for R. corsula and could be expressed as : 
Lt=331.25 l_e-0.5 54 7<t+0.OO52> 
As shown in Table 4.3 the theoretical lengths at 
different ages, as calculated by this growth equation, 
showed a close agreement between the calculated length, 
observed length and length determined by the growth 
equation. This revealed that the Von Bertalanffy growth 
equation represents adequately the growth of R. corsula. The 
value of ultimate length shows that the collections which 
have been examined in the present study, cover practically 
all the fish sizes which occur in the population sampled 
from the environment. 
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DISCUSSION 
Osseochronometry or the estimation of the passage of 
time or age, deciphered from bone-like, hard, or calcified 
tissue has been widely used in fisheries science. Age 
assessment of calcified structures involves a subjective 
interpretation of the various checks, breaks, or changes in 
the spacing of the circuli on scales, or in other calcified 
structures, zones that are optically different, based on 
their relative translucency. The interpretation of these 
checks or translucent zones depends on their continuity or 
extent, location, and the quality of the associated tissue. 
The relative significance of these checks and zones is 
judged according to general criteria that is based on the 
definition of the annulus. The checks or zones that are 
considered to be associated with annuli (year marks or 
annual marks) are enumerated to determine age (in years). 
The annulus has been defined (Casselman, 1983 ) as a 
demarcation that is subjectively located, sometimes very 
precisely, for the purpose of growth evaluation, on or in a 
clacified structure. It is associated with the distal edge 
of a concentric ring in the form of a 'check' on the scale 
or a translucent 'zone' in other calcified structures. It is 
considered to occur annually and permits disruptions in the 
growth pattern recorded in the calcified tissue to be 
interpreted in terms of age. The annulus is assumed to 
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separate the check or zone, usually associated with the 
principal annual cessation or reduction in growth, from the 
tissue deposited when growth resumes or increases. 
Jacot (1920) first observed that in Mugil cephalus the 
annuli are in the form of 'breaks' which appear generally as 
wide clear spaces between circuli in the basal sector, 
formed either by the cutting off circuli and a difference 
in their disposition or by their excessive splitting. In R. 
corsula• formation of breaks were indicated by the presence 
of wide clear translucent zone (Plate II ) along the entire 
margin of the scale as well as by the presence of 
discontinous circuli at the margin. The scale samples 
examined revealed that 'rings' as described by Jacot (1920), 
Kesteven (1942) and confirmed by Pillay (1954) and Sarojini 
(1957,1958) in different species of mullet are also present 
in R. corsula. In the scales of R. corsula the growth checks 
are characterised by the presence of light clear zone or 
space (Plate II) along the entire margin of the scale. The 
manner of formation of 'breaks' or 'rings' agree with those 
recorded by Pillay (1954) in HugUL tadjB., Sarojini (1957, 
1958) in Hiigii asxaJLa and Hiigil cunnesios. and Thakur (1967) 
in Mugil cephalus. However, Devasundaram (1952) summarizing 
the results of his studies in Mugil cephalqg concluded that, 
generally, scales are not useful in the determination of the 
age of the fish and reiterated the oft-repeated statement 
that "winter can not affect the fish of the tropical waters 
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to that extent to make it stop feeding and thereby causes 
disturbance in the growth of fish in general and the scales 
in particular". This js contradictory to the present 
findings also. 
Van Oosten (1957) depicted that any cessation in the 
growth rate of the fish, resulted in the formation of check, 
on the scale. The specific physiological mechanisms that 
cause the formation of these checks and zones are poorly 
understood, and detailed studies of the factors causing 
annulus formation are few.Blake and Blake (1978) who worked 
on Labeo senegalensis concluded that in the tropics 
formation of annulus may be influenced by a variety of 
factors like temperature, light, salinity, turbidity, food 
supply, oxygen and pH etc. On the other hand Nekrasov 
(1980) reported the formation of annuli in some tropical 
species specifically associated with reproduction and 
spawning. Following this, Weatherley and Gill (1987) 
confirming some of the earlier findings, have also provided 
some information of causative factors for the growth 
checks. Several workers have suggested that any single 
factor is not responsible for the formation of growth 
checks or annulus formation on the hard parts of the fish. 
Factors that are associated with the cessation or reduction 
in somatic growth have been identified as low or high 
temperature, reduced food availability or consumption and 
8Q 
reproductive activity, etc. A drop in temperature during 
winter causes reduction in metabolic activity leading to 
cessation or reduction in the intensity of feeding and 
consequently to the growth rate which is recorded on the 
scale and other hard parts of the body in the form of growth 
checks. During summer, temperature increases which is 
followed by faster growth rate, resulting in a wider ring 
or band. Since the wide and narrow zones are formed once in 
a year by changes in temperature during different seasons, 
the rings could be regarded as annual marks. Temperature 
may alter the metabolic process and has considerable effect 
on the growth of fish (Lee,1920; Graham, 1929; Brown 1946 
and Deshmukh, 1973). 
Casselman (1967) conducted a detailed study of surface 
configurations on scales of nothern pike from a mark-
recapture study and concluded that in immature pike, 
temperature was the most important factor influencing linear 
growth and annulus formation. However, in mature pike, the 
check associated with the annulus resulted from a 
combination of a growth cessation related to low 
temperature, an accumulation of reproductive material, and a 
growth interruption during spawning. Findings of the present 
study for mature R. corsula confirm the results of mature 
pike conducted by Casselman (1967) that cessation in growth 
is due to the extreme condition of temperature. The breeding 
season in R. corsula starts from May onwards when the 
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temperature of northern India is usually considerably high, 
and accumulation of reproductive products was high which 
causes the retardation of growth resulting in the formation 
of annulus or growth checks. 
The causative factors indentified for growth cessation 
are environmental, physiological as well as genetic. Among 
environmental variables, temperature and food supply are by 
far the most influential factors on growth of the fish. 
Besides temperature and food supply, seasonal variations in 
feeding intensity has also found to be the causative factor 
for growth checks (Thomson, 1904; Kesteven, 1942; Nair, 
1949; Bhimachar and George, 1952; Pillay, 1953; Qasim, 1957; 
Radhakrishnan, 1957; Sarojini, 1957, 1958; Natarajan and 
Jhingran, 1963; Lakshmanan £±. ai. , 1971; Khan and Siddiqui, 
1973a; Rangaswamy, 1973). Variation in the secretion of 
endocrine gland, such as pituitary may also cause the growth 
retardation (Brown, 1946). She stated that the maturation of 
gonads is usually accompanied by decreased feeding, followed 
by cessation in growth. According to Hickling (1933) the 
formation of rings on the otolith of adult fish, as a 
manifestation of greatest physiological strain, probably 
caused by maturation and spawning directly as well as by way 
of decline in food intake. 
It is observed in the present investigation that in 
majority of cases of R. corsul^ of first year class the 
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annulus is formed during the month of March or April. The 
intensity of feeding for such group was found to be low 
during these months. In second year class and above, the 
higher percentages of annuli were observed in May and June 
which coincided with breeding season of the R. corsula 
indicating spawning stress as the causative factor for 
annulus formation. Usually during the spawning period, 
gonads enlarge enormously and this gonad buildup involves 
diversion of growth potential. Enlargement of gonads 
constricts the alimentary canal which causes low feeding. As 
a result of it, gonad buildup is accompanied by marked 
decline or complete cessation of feeding activity. Present 
findings are in close agreement with the findings of 
Natarajan and Jhingran (1963), Kamal (1969), Chatterji 
(1976), Johal and Tandon (1981) and Tandon and Johal (1983) 
who worked on Indian major carps and Mahseer from the water 
bodies of northern India. They have found the causative 
factors for the growth checks as maturation of gonads, low 
feeding intensity before spawning and high temperature in 
the months of April to June (premonsoon period). 
The findings of present study have also coincided with 
those of Thakur (1967) for Mugil cephalyis collected from 
Mahanadi estuary. He has reported the spawning season of H. 
cephalus during post monsoon and winter months and concluded 
that the observed checks might have been formed as a result 
of stress consequent on reduced availability of food in the 
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case of immature individuals and due to spawning which was 
associated with the reduction of feeding in mature ones. 
However, Sarojini (1957,1958) elucidated that the 'breaks' 
in Miigil parsia and hagll cunnesius are formed at a period 
distinctly different from the spawning season. The authoress 
further stressed that the 'breaks' in H. parsia are not due 
to any internal physiological rhythm such as suggested by 
Kesteven (1942) in reference to Mugil dobula. The study of 
food and feeding habits of H. parsia (Sarojini,1954) has 
shown the lowering of feeding intensity during rainy month, 
owing to greatly disturbed conditions of the littoral 
benthic flora, and, consequently, non-availability of food 
during these months was the only probable causative factor 
in the formation of rings on the scales. Pillay (1953) has 
stated that the upsetting of bottom flora by floods caused 
the reduced feeding and consequently the growth was checked. 
A similar condition has been observed by Seshappa and 
Bhimachar (1951) in the bottom feeding fishes of the west 
coast. Jhingran (1957) while working on a freshwater carp, 
Cirrhina mrigal^. suggested that the migration of the fish 
from one environment to another annually for spawning or 
feeding purposes may also cause the formation of annuli. In 
the present state of knowledge it can be concluded that 
there is a strong correlation between the external 
environmental factors and the annual physiological cycle of 
changes in the internal environment chiefly because of the 
so 
alterations in the activity of endocrine glands and the 
formation of growth checks which strengthen the reliability 
of rings on scales as annual marks. 
According to contradictory view of Tesch (1971) the 
rings seen on scales or other hard parts of tropical fishes 
are not necessarily annual and that their frequency must be 
determined before they can be used to measure growth checks. 
It is, therefore, clear that the formation of annuli on the 
skeletal parts is not confined to temperate fish alone but 
is also reported to occur in fishes of tropical and 
subtropical zones which are characterized by fluctuations in 
hydrographical conditions and also because of the fact that 
fishes of these regions show periodicity in spawning 
effected largely by their biological clock (Qasim and Bhatt, 
1966; Bhatnagar, 1968; Kamal, 1969; Rao, 1962, 1970 and 
Bhatt, 1970). 
Pantulu (1961, 1962), Kamal (1969) and Jhingran (1971) 
have worked on several teleosts and explained that cessation 
of feeding and spawning exhaustion are cumulatively 
responsible for appearance of growth checks on the scales. 
Fagade (1980) worked on bagrid cat fish and concluded that 
rings are undoubtedly formed by any or all of the three 
causative factors namely non-availability of food, gonad 
buildup and inability of the fish to feed despite food 
availability. Qasim (1973) also has drawn attention to the 
SI 
fact that the check observed on hard structures of both 
marine and freshwater fishes in India, do not provide 
evidence that they are annual in nature. Recently, Murty 
(1976) and Reddy (1981) have critically reviewed the work 
done in India. They have shown that in the species studied, 
there- is no convincing evidence that the growth checks are 
formed at regular intervals or during short periods in each 
year. As regards the work on channids from India, Qasim and 
Bhatt (1966) and Bhatt (1970) reported that the growth 
checks observed on the scales and opercle of Qphicephalus 
punctatus and Q.. striatus. are annual. 
Growth of R. corsula in various age groups shows that 
this rate was most rapid during the first year of life. A 
progressive decrease in the rate of growth with increase in 
age is presumably due to transfer of considerable part of 
the total energy, entering the body in the form of food, 
used for gonad building and availability of relatively 
smaller amount of the same for assimilation in the tissues 
for accomplishment of growth, rather than dimensional growth 
after second year class. Nikolsky (1963) discussed this high 
growth rate in early phase of life as an adaptation of fish 
to acquire larger size which can ensure it some protection 
from predators. Lee's phenomenon of apparent changes was 
thoroughly discussed by Smith and Pycha (1961). According to 
them the larger and faster growing fishes have a greater 
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Photograph showing scale of 
A - One year old R. corsula 
B - Two year old R. corsula 
C - Three year old R. corsula 
D - Four year old R. corsula 
E - Five year old R. corsula 
F - Six year old R. corsula 
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TABLE 4.3 
Observed, calculated lengths and Height at each age, growth increaent and specific growth rate 
of R. corsula (Han.), 
Age 
years 
I 
11 
III 
IV 
V 
VI 
Observed 
length 
(DO) 
147.1 
219.3 
246.2 
278,1 
318.6 
320.0 
i Calculated length 
! (m) 
iScale 
leethod 
1145.6 
1193.8 
1229.2 
1263.2 
i292.7 
i315.7 
Von Berta-
lanffy equ-
ation 
141.5 
222.3 
268.7 
295,3 
310.6 
319.4 
LoggfL-Lt) 
5.22 
4.92 
4.62 
4.22 
3.65 
2.75 
Growth 
incresent 
145.6 
48.2 
35.4 
34.0 
29.5 
23.0 
Specific 
growth 
28.6 
16.8 
13.8 
10.6 
7.6 
-
Observed 
weight 
(9) 
91.4 
103.2 
141.2 
217.3 
326.8 
351.5 
1 
Calculated i 
weight I 
fg) 1 
30.6 i 
101.0 1 
142,7 1 
205.3 1 
308,1 i 
312,1 1 
Note:- Von Bertalanffy equation was observed Lt = 331,25 [ 1 - e'^ "^^ ^^ *^^  * 0.0052>1 
Neparian Log = e,-, = 1 applied 
t^  = - 0.0052 
TABLE 4.2 
Calculated length at each annulus as deternined by back 
calculation. 
Length (mm) at different annuli 
I II III IV V VI 
groups annulus annulus annulus annulus annulus annulus 
I 
II 
III 
IV 
V 
VI 
Mean 
length 
(mm) 
137.7 
154.2 
153.1 
145.3 
142.2 
141.3 
145.6 
" " * • 
202.2 
199.1 
191.9 
190.5 
185.7 
193.8 
~" 
-
236.1 
230.2 
228.0 
223.5 
229.4 
-
-
270, 
269, 
249. 
263. 
.1 
.9 
.7 
2 
~ 
-
-
305.0 
280.5 
292.7 
— 
--
-
-
315.7 
315.7 
TABLE 4.1 
Length-frequency distribution in different year classes of 
B.. norsula (Ham.). 
Age groups 
Size 
( 
100 
151 
201 
251 
301 
351 
groups 
mm) 
- 150 
- 200 
-- 250 
- 300 
~- 350 
-- 400 
Total no. of 
observations 
Percentage 
I 
15 
10 
-
-_ 
-
-
25 
9.39 
II 
--
19 
76 
--
-
95 
35.71 
III 
-
47 
19 
— 
-
66 
24.81 
IV 
-
3 
26 
15 
-" 
44 
16.54 
V 
-
-
8 
10 
12 
30 
11.27 
VI 
-
~ 
-
-
1 
5 
6 
2.25 
PLATE n 
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mortality rate and are caught early in the life than the 
slower growing fishes. Panikkar (1949) stated " if we are to 
go by the size of fish and the rapid growth under tropical 
conditions, where the rate of metabolic activities increases 
at least three times what it is in colder latitudes, the 
maximum size to which most species grow may be attained 
within a course of 10-12 months". 
Size of the fish is most important factor which 
affects the growth on the population (Brown,1946). Larger 
fishes have been found to grow comparatively faster because 
they prove to be more efficient in competition and able to 
attain maximum food than the smaller fishes and removal of 
larger fishes from the environment leads to an improvement 
in the growth rate of smaller fishes. 
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INTRODUCTION 
Feeding is one of the most important function of an 
organism. The basic functions of an organism like its 
growth, development and reproduction all take place at the 
expense of energy which is obtained in the form of its food. 
All energy processes within the organs of a fish proceed at 
the expense of food. The first stage in the life cycle of a 
fish is completed at the expense of the food reserves which 
it receives from the maternal substance, the yolk, in the 
egg. However, the fish can only live on its yolk for a 
comparatively short time, and after a short period of mixed 
feeding it goes over completely to the consumption of 
external food. Fishes differ greatly in the character of 
food they consume. Both the size and systematic position of 
food organisms are extremely variable. The range of types of 
food consumed by fishes is greater than that for other group 
of vertebrates. 
The study of food and feeding habits of fish attracted 
the attention of fishery biologists from the beginning of 
the present century in view of the recognized importance of 
food and feeding habits as an environmental factor 
influencing the growth and distribution of fishes and 
success of their fishery. Therefore, a knowledge of the food 
and feeding habits of various fishes is advantageous in 
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their proper management and exploitation. 
Animal likes to survive first (self preservation) then 
it thinks about its race preservation. For self preservation 
feeding provides an important function. While for race 
preservation breeding is important. Food and feeding habit 
is life sustaining activity. It provides life^ growth, 
energy requirements for reproduction and other life 
activities. Therefore, it is given first priority by all the 
living organisms. 
Knowledge of feeding habit of fish is very useful in 
polyculture. Rational pond cultivation of fishes is 
inconceivable without a knowledge of basic problems of 
nutrition of fishes. Acclimatization projects concerned with 
the planting of water masses should only be carried out 
after a detailed study of feeding inter-relationships and 
food supply of fishes, in the water mass. The results, so 
obtained may be of some use for the management of fisheries 
in the rivers and ponds etc. For this, one should know the 
zonal distribution of the fishes selected for aquaculture 
practices. The fish, as grows, changes its diet reuirements. 
Hence, pisciculturist should also know the diet on which a 
particular fish switch over after a certain period of time, 
and can avoid the competition for food in last stages. 
The importance of studies on food and feeding habit of 
fish in fishery management investigation is well known and 
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considerable attention is being paid at'the moment to this 
problem in India. From India, several publications on food 
and feeding habits of freshwater fishes have been reported 
like Qphicephalus punctatus, Barbus stigma and Callichroua. 
bimaculatus (Qayyum and Qasim, 1964, a, b, c); Catla catla 
(Natarajan and Jhingran, 1963 and Khan, 1972); Labeo 
f imbriatus (Bhatnagar and Karamchandani, 1970); Ljailfija. 
rohita, Cirrhina mrigala (Khan, 1972); Labeo bata, Labeo 
gonius (Chatterji, 1976); Laheo gonius (Chatterji ei ai., 
1977c); Trichogaster fasciatus (Mustafa and Jafri, 1978); 
Pqntius sarana (Nair and Sobhana, 1980) and flatfishes 
(Datta and Das, 1983) etc. 
Sometimes it was found that inspite of the abundance of 
a particular food material in the habitat the fish normally 
does not feed on it, but consume some other material. An 
estimation of the available food in the habitat and stomach 
contents of the fish inhabiting them will help in finding 
out the selectivity, if any, the fish shows with respect to 
food items. In defining the selectivity of the fish in 
respect to any particular type of food the selection 
coefficient is used, which is obtained by dividing the 
percentage of each type of food in the gut of fish by the 
percentage of same type of food in the environment in 
association on which the fish is feeding. In recent years 
considerable attention has been given to the selective 
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feeding of fishes (Beyerle and Williams, 1968; Cramer and 
Marzolf, 1970; Starostka and Applegate, 1970; Hutchinson, 
1971; Khan and Siddiqui, 1973; Mustafa, 1976; Jafri and 
Mustafa, 1977; Aravindan, 1980; Mundahl and Wissing, 1988; 
Smith, 1989). Since such informations elucidate the 
nutritional spectra of fishes, which are important for the 
management of their population, represents a simple index of 
interaction between fish and its environment. 
The problems related to the feeding of fishes have 
undoubtedly a great significance in fish husbandry. Despite 
the fact that the species of mullet are economically 
important for cultivation but studies on their food and 
feeding habits and on the selection of food resources by the 
fishes in their habitat have been fewer, notable being those 
of Pillay (1950, 1953) for Mn^ii tade: Sarojini (1954) for 
thigii parsia and ttugii spei^leri: Luther (1962) for Lis^ 
macrolepis and Hiigil oephalus; Prasadam (1970) for Mugil 
macrolepis; Tandel ei. ai. , (1986) for Miigii cephalus; Reddy 
and Shanbhogue (1988) for Llzs. tade and Wijeyaratne and 
Costa (1988) for Valamugil cunnesius. Naama and Muhsen 
(1986) described the comparative feeding periodicities of 
the mugilids and cyprinids. Mariani ei. aJL. (1987) analysed 
the size of inorganic particles in alimentary tracts of 
Mediterranean mullet species which is suitable for 
aquaculture. But, inspite of considerable importance of 
porsula as a food fish, nothing is known about 
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the exact diet and the preferable diet of this species 
either in rivers or in lakes and ponds. Ranganathan and 
Natarajan (1969) and Sugunan and Vinci (1981) gave a meagre 
information on food and feeding of Rhinomu^il corsula in the 
reservoirs. Hence, the present study has been undertaken to 
elucidate the feeding periodicity and food of the species 
which lives in the surface water in reservoirs and rivers of 
the gangetic provinces. 
MATERIAL AND METHODS 
Samples which formed the basis of this investigation 
were collected directly from the river Yamuna with the help 
of cast net and gill net. 
Unlike as in the case of terrestrial animals, it is not 
usually possible to observe the food and feeding habit of a 
fish in its natural surroundings and thus determine 
accurately what it feeds on. Examination of gut content is 
the only possible method to infer about the feeding habit of 
aquatic animals like fish, in whose case it is not easy to 
directly observe their feeding in their natural habitat. 
The study of the food and feeding habits was taken up 
as a part of a comprehensive study of the biology of fish, 
involving a detailed study of samples. Since it was not 
always possible to examine the gut contents in the fresh 
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condition in field, which in all cases lay far off from the 
laboratory, the fish were generally cut open in the field 
itself and the whole viscera fixed in 5% formaldehyde 
solution and brought to the laboratory. Each fish was 
measured upto the nearest mm from the tip of the snout to 
the longest ray of caudal fin, weighed nearest to 0.1 g and 
sexed. State of maturation was determined following the 
scheme of classification used for different freshwater 
fishes by Qayyum and Qasim (1964a, b, c ), Khan (1972) and 
Chatterji (1976). After measuring the alimentary tract on 
fish measuring board, weight of alimentary tract on a 
sensitive balance was taken. The gut content was thoroughly 
washed in petri-dishes containing adequate quantities of 
water for dilution. It was then thoroughly mixed. A sample 
of 0.2 ml was taken out on a Sedgewick - Rafter slide with 
the help of a graduated dropper and examined under the 
microscope. Generally it contained mud mixed with algal 
matter, that could not easily be separated. In the present 
work percentage of decayed organic matter, mud and detritus 
were determined by eye estimation following the scheme of 
Pillay (1952). In this method the content of each sample is 
considered as unit, the various items being expressed in 
terms of percentage by volume as estimated by inspection. 
Food organisms were analysed quantitatively and 
qualitatively. Quantitative analysis was made by number 
method as described by Hynes (1950); Pillay (1952); Khan 
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(1972) and Chatterji (1976). It is based on counting the 
number of food items "the number of each food items counted 
and expressed as percentage of all total number of food 
items present in the gut". Various food items were 
identified upto the generic level, counted and relative 
abundance was determined as percentage of total food 
material present in the gut. The process was repeated again 
and again and a mean of each food item was determined. The 
relative percentage of various planktonic organisms present 
in the environment was determined in a similar manner as the 
percentage of food items, calculated in the gut contents. 
The index of selection (electivity index) was computed 
according to the equation proposed by Ivlev (1961). 
E = ri—pi/ri+pi; 
Where E is the electivity index, ri is the percentage 
of food organism in the gut and pi is the percentage of that 
food organism in the environment. 
Values of this electivity index could range from -1.0 
(when a food item was completely ignored) to +1.0 (when food 
item was highly selected). A value of zero implied that the 
food element was present in the gut in the same proportion 
as it was found in the environment (complete absence of any 
selection). 
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Since the fish (R. qprRula) mainly feed on bottom the 
important constituents of its food are mud, sand, and 
detritus alongwith the benthic animals. For estimating the 
occurrence of such potential food a hypothetical model is 
designed. Potential food (surface sediments) were collected 
from the river Yamuna by Ekman's dredge (15.5 cm^ opening) 
rested on the river bottom and scrapes the surface sediments 
including benthos upto 6 cm in soft bottom. The dredge gives 
the total volume of the sample (mud) equal to 15.5 x 15.5 x 
6 cm (cc). The values then were converted to find the volume 
over sampling area of 1 square meter. The average depth of 
the river in addition to soft bottom over an area of 1 
square meter was assumed to be represented the column from 
where R. corsnla feed almost exclusively by grazing on 
sediments. So, as to get the percentage of uncountable food 
items in the environment eye estimation method (Pillay, 
1952) was employed assuming that 1 cc is equal to 1 ml in 
order to correlate the data from environment with that in 
the gut. 
RESULTS 
(a) Gross morphology of buccopharynx and alimentary canal: 
The alimentary tract of R. corsula is an extremely 
coiled organ. It lies below the air bladder and extends 
throughout the coelomic cavity. The morphological features 
of the alimentary canal of the fish provide a clue to its 
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food and feeding habits. The mouth is "V" shaped, terminal 
slightly inferior in position and the gape is moderate. The 
mouth is bounded by upper and lower lips which are covered 
by a thick skin. The mouth is angular with the upper jaw 
overhung by the snout. The upper jaw is longer than the 
lower jaw. The lower jaw is provided with a prominent 
symphysial knob in the middle and corresponding to it in the 
upper jaw there is a deep pit to receive it when mouth is 
closed (Fig.5.IB). Each jaw is provided with a single row of 
fine teeth. The maxillaries are slightly curved and hook 
like while the premaxillaries bear a flattened dorsal 
process. 
The dorsal processes of the two premaxillae are united, 
edge to edge, except for a little portion at the middle 
region. These processes together form a semi-circular 
projection in the middle region of the premaxillary with a 
deep notch dorsally. This gape is covered by a boat-shaped 
unpaired piece of cartilage (Fig. 5.1C). These structures 
provide the protractile mechanism to the mouth. It is also 
observed that the fish used to dip at right angle to procure 
the food from the bottom. 
The regions which could be distinguished in the 
alimentary tract are the mouth, the oesophagus, the stomach, 
the intestine and the rectum. The mouth leads into the 
triangular dorso-ventrally compressed buccal cavity. The 
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buccal cavity leads into the broader dorso-ventrally 
compressed pharynx. The pharyngeal cavity is perforated by 
tho gill slits on its lateral sides. The narrow deep groove 
of pharynx leads into the anteriorly wide muscular 
oesopahagus followed by the stomach which is somewhat 
specialized in this species. The stomach consists of two 
regions: an anterior proximal narrow portion and a posterior 
distal muscular round sac (Gizzard). The stomach leads into 
a lengthy intestine. At the junction of stomach and 
intestine there produced two finger-like processes, the 
pyloric caecae, which open laterally into the muscular sac. 
Anterior end of the intestine is wider and termed as 
duodenum. Behind the duodenum the highly convoluted 
intestine is of uniform diameter and called ilium. The last 
part of the intestine may be regarded as the rectum which 
communicates the exterior through the anus (Fig. 5.1A). The 
rectum is short and slightly narrower than the intestine. 
The bile-duct also opens close to the base of the pyloric 
caecae. The liver is bilobed with sub-divisions, the left 
lobe is larger than the right one. The pancrease is a 
diffused gland in the body cavity but the spleen is well 
developed and lies near the stomach. 
(b) Gut content analysis: 
Methods of gut content analysis are broadly divisible 
into two, viz. qualitative and quantitative. The qualitative 
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analysis consists of a complete identification of the 
organisms in the gut content. Qualitative analysis is 
considered as only a part of the gut content studies, as it 
fails to give any idea of the relative importance of the 
items of diet or the seasonal fluctuations in the 
composition of the diet. However, qualitative analysis forms 
an important part of the study and is the basis on which all 
quantitative assessments are made. The situations inhabited 
by the numerous kinds of organisms upon which fish feed are 
many and varied. Identifiable food organisms, recovered from 
the alimentary canal of R. corsula are given in Table 5.1 
that shows the percentage of various food items in the gut 
contents. 
Food composition and its variation with season: 
Percentage occurrence of different food items in 
different months of the year is given in Table 5.1 and 
presented graphically in Figure 5.2. 
The analysis of gut contents showed that detritus, 
diatoms, green algae, blue-green algae, desmids, algal 
spores and zygotes, macrovegetation, decayed organic matter, 
rotifers, copepods, cladocerans, ostracods, protozoans 
alongwith some benthic organisms were found to be the main 
food. These food items were invariably found alongwith the 
sand and mud, which indicated that they were consumed from 
the bottom zones. 
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Diatoms (Bacillariophyceae): 
Diatoms formed about 21.86% of the total food. They 
occurred fairly in large amounts throughout the period of 
investigations. Several species belonging to 14 genera have 
been observed in the stomach content and are displayed in 
Table 5.1. Of these HavJQula, Synedra, Melosira, Amphora, 
Diatoma, Nitaschia, Gyrosigma and Stauroneis formed the 
important genera. Cyclotella, Cymbella, Fragilaria, 
Asterionella, Pinnularia and Tabellaria were the other forms 
identified. The contribution of Navicula was maximum among 
all diatoms throughout the period of study and it 
constituted about 9.25% of the total diatoms. Next to 
Navicula were Diatcma, Hitzschia, Helcsira, Synedra, 
Gyrosigma. Amphora and Stauroneis. Cyclotella. Cymbella, 
Fragjlaria, Asterionella, Pinnularia and Tabellaria were 
encountered comparatively low in percentage and were also 
absent in few months. 
Green algae (Chlorophyceae): 
The percentage composition of green algae constituted 
about 12.33% of bulk of the food. Scenedesmus. Protococcus 
and Spirogyra were the most important green algae occurring 
regularly in the gut. Other important genera were 
Pediastrum. Ankistrodesmus. Ulothrix. MJcrospora, 
Actlnastrum, Selenastrum, Zvgnema, Hvdrodictyon and 
(Table 5.1). 
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Blue-green algae (Myxophyceae): 
Blue-green algae were represented by eight genera and 
constituted about A.31% of the total food. Anacystis was 
encountered all the year round. Qscillatoria. Spirulina and 
Anabaena were also recorded but their percentages were very 
low. Tetrapedia. Merismopedia. FhormidJum and t^ QStoc were 
recorded only in few months. May, June and September showed 
scarcity of all genera except few while November was the 
most favourable month for blue-green algae. 
Desmids (Desmidiaceae): 
Closterinm. Stsurastrum, Cosmarium, Desmidium and 
Docidium were the main genera representing desmids but 
constituted a small portion ( Fig. 5.2) of the food of R. 
corsula in comparison to diatoms and green algae. Only 
Closterium was present throughout the investigation as a 
regular food item. Rest of the genera were not encountered 
in all the samples of the gut (Table 5.1). 
Euglenophyceae : 
This smaller group also contributed to the richness of 
the gut content of R. corsula and is mainly represented by 
Euglena and Phacus (Table 5.1). Considerable quantities were 
found in October and December. In August, September, January 
and April this group was completely absent. It was 
encountered with a very low percentage of about 0.68% (year 
average)(Fig. 5.2). 
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Zooplankton 
The important constituents of 20oplankton were semi-
digested part of onpepods, cladocerans, rotifers and 
ostracods. Maximum quantities occurred in March, April and 
October. Diminution in percentages of these food items in 
gut can be seen in May, August and September. It is obvious 
from the Table 5.1 that these four components occurred 
regularly throughout the year but in low percentages (Fig. 
5.2). 
Eggs and Nauplii : 
Their low percentage and ignorance in most of the 
months presumably point to the conclusion that these food 
items may be accidently swallowed by the fish. 
Benthic organisms 
The important constituents of this group of food were 
moults of polychaete worms, nauplii, larvae, nymphs and 
larvae of oligochaetes, dipterans, nematodes and the members 
of mollusca. These organism are very much limited, if not 
totally lacking, and constituted little part of the gut 
content but always recorded in large quantities than in the 
environment except in few months. During May and April they 
did not occur in the stomach contents (Table 5.1). During 
rest of the year, they were found about 0.063% (Fig. 5.2) of 
the total gut content examined. 
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Miscellaneous matter : 
Higher aquatic plants or macrovegetation, algal spores, 
zygotes and sometimes fish scales and shells which were 
rarely encountered in the analyses were treated as forming 
part of miscellaneous matter for the sake of convenience. 
The maximum quantity of such matter occurred in the month of 
July (8.64%) and small quantity in December (0.69%) (Table 
5.1). 
Decayed organic matter : 
Taking the average for one year from the Fig. 5.2, it 
is quite clear that decayed organic matter formed about 
23.83% of the stomach contents and thus ranked as the most 
important item of food. Higher percentage occurrence of such 
slimy mass was noticed throughout the year. This group 
mainly consisted of pulpy mass of unidentifiable plant 
matter in decayed condition and considered as the main part 
of the food. Its percentage fluctuated in every month, but 
it occurred regularly in guts of every fish throughout the 
investigation (Table 5.1). 
Mud and detritus 
Bulk of the stomach contents were settled detritus, 
dominated by sand, silt, clay particles and mud. They formed 
the major gut content in terms of occurrence and constituted 
on an average about 28.19% (Fig. 5.2). They were invariably 
seen mixed with other types of food matter. It was observed 
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from the table 5.1, that their percentages were considerably 
higher in monsoon laonths i.e. July and August forming about 
50% and 46% respectively of the food of fish. 
Food selection by R. corsula : 
The differences between the relative abundance of some 
planktonic food items in the gut and the relative 
percentages of those food items in the environment revealed 
the selective feeding habit of the fish. Electivity indices 
of R. corsula for various food organisms are given in Table 
5.2. The observed data have been incorporated in Fig. 5.3. 
Food of R. corsula chiefly consisted of mud, detritus, and 
decayed organic matter. Diatoms, algae, macrovegetation and 
zooplankton alongwith some benthic organisms formed by far 
the greater part of the diet. 
Among the various genera of diatoms and green algae 
Mavjcula, Stauroneis. Spirogyra and Zygnema occurred in 
larger quantities in gut than in the environment. Fish 
showed high selectivity of these organisms in more than six 
months (Table 5.2). Hitaschia. SyQ..edr.a> Microspora. 
Asterionella, DlatQiaa, Pinnularia and Ulothriii, the genera 
of diatoms and green algae were selected in few months in 
preference to the rest of the genera, hence, their 
electivity indices were positive. Among the blue-green algae 
and desmids, the fish exhibited a negative selection for 
most of its genera except in few months. Sometimes it showed 
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complete avoidance for Tetrapedia, Spirulina, Merismopedia. 
Nostoc and Cosmarium. Phormidium was also avoided in most of 
the months by the fish (E = -1). 
Euglena and Phacus were the genera of Euglenophyceae, 
which were negatively selected by the fish from May to April 
or an overall negative selection was exhibited by the fish 
for Euglenoployceae (Fig. 5.3). Among zooplanktonic 
organisms, cladocerans, copepods, rotifers and ostracods 
were consumed. It is obvious from the Table 5.2 that their 
quantity shows considerable fluctuations in the gut and 
environment both. Cladocerans, copepods and rotifers were 
preferred over ostracods in four months (Table 5.2). 
Ostracods were completely absent during December to April in 
the gut as well as in the environment. 
Data regarding the electivity index for various food 
items by R. corsula in different months were explicited 
graphically in Fig. 5.3. From the figures it can be 
concluded that R. corsula feeds chiefly on mud and settled 
detritus dominated by sand, silt and clay and decayed 
organic matter. From May to April fish showed positive 
selectiviy for decayed organic matter mainly containing 
slimy mass of unidentifiable plant matter mixed with mud and 
sand. It is, therefore, concluded that the fish is basically 
a mud feeder. 
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Next to aforesaid food items, fish gives its second 
preference to benthic organisms. From June to October 
benthic organisms were found to be in considerable 
quantities in the gut than in the environment showing 
positive selectivity. From November onwards fish did not 
prefer benthic organism except in December, March and April 
when it showed again positive electivity. 
However, from Fig. 5.3 it is clear that upto certain 
extent fish depends on diatoms and green algae also and 
consumes considerable quantities of it. But the quantities 
of these food items were observed high in the environment 
rather than in the gut indicating negative electivity in 
most of the months. Fish showed positive electivity for 
diatoms in October, November and April while desmids were 
preferred in the months of September, November and January. 
High quantities of green algae were observed in the 
environment throughout the investigations. Euglenophyceae 
were selected negatively in most of the months. 
Fig. 5.3 demonstrated that zooplankton were also 
preferred by R. corsula. whereas blue-green algae, eggs and 
nauplii were avoided by the fish. Positive electivity was 
found for miscellaneous matter which comprised fragments of 
higher aquatic plant or macrovegetation, fish scales and 
shells etc. 
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Although this type of mode of feeding generally shows-
negative selectivity, but the results of the present study 
suggest some degree of electivity by R. corsula for mud, 
detritus and decayed organic matter. It is, therefore, 
suggested that R. corsula suck in mud and collect the 
organisms from the bottom alongwith surface sediments. 
Intensity of feeding in relation to seasons 
Gastro-somatic indices of R. corsula alongwith the 
percentages of empty guts embodied in Table 5.3. Figure 5.4 
explicited a pronounced feeding activity in both the sexes 
in September and extremely low in June. The values of 
gastro-somatic indices were found to be inversely 
proportional to the percentages of empty guts. Minimum 
intensity of feeding was recorded during pre-monsoon months 
from April to June. During the same period gastro-somatic 
indices were recorded to vary between 3.371 to 3.099 in 
females and 2.537 to 2.259 in males. In these months most of 
the guts either contained very little food or were found 
empty. In both the sexes the rate of intake of food items 
increased from July onwards. High percentages of empty guts 
were recorded from May to August. Seasonal variations in 
gastro-somatic indices indicate that this species does not 
feed at the same rate throughout the year. The intensity of 
feeding was found to be maximum during monsoon months. 
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Intensity of feeding in relation to sexual cycle : 
The presence of higher number of empty guts in gravid 
females and ripe males may be attributed to reduced feeding 
activity during the fourth maturity stage. It is noteworthy 
that the high intensity of feeding in fifth and first 
maturity stages coincide with very low percentages of empty 
guts in both the sexes. Low feeding was observed in third 
and fourth maturity stages which include mature and ripe 
fishes respectively. It is interesting to note that the most 
active feeding period was found either during prematuration 
time or during post-spawning time i.e. first and fifth 
stages of sexual cycle in both the sexes. From the Figure 
5.5 it is evident that the fish feeds voraciously during 
growing stages and just after spawning. Feeding intensity 
was noticeably reduced according to the state of ripeness of 
the ovary and testes. Higher rate of feeding may be 
suggestive of the higher requirements of the food for 
building up of the gonads during that time the spent ovaries 
recover and the virgins start maturing. 
Intensity of feeding in relation to sex 
A noticeable difference was observed in the feeding 
intensity of males and females. The rate of feeding activity 
was found higher in females throughout the year than males. 
During the spawning period both sexes showed decline in 
feeding rate. After spawning females were again found active 
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in feeding than males. 
Observations on feeding habit : 
By studying the food of R. corsula as stated before it 
was found that mud, detritus, decayed orgnic matter, diatoms 
and algae form the main food of the fish. It seems that the 
fish is also an iliophage (an animal which obtains food from 
the mud consisting of benthic plant and animal life together 
with organic particles forming a layer known as the 
iliotrophic layer on the substratum of muddy bottom). 
The fish possesses an inferior mouth and a dorso-
ventrally compressed conical head, a shape admirably suited 
for feeding on the substratum or in littoral bottom areas. 
Such feeding habit is characterised by the presence of 
longer gut and muscular bulb at pyloric end which is helpful 
in crushing the food. Few fishes were kept in a small pond 
near the laboratory. It was found to be the most suitable 
media to observe the feeding habit of R. corsula under the 
natural conditions. This fish species always live at the 
surface of water in ponds and rivers having a remarkable 
habit of swimming with its eyes above the surface of water. 
Very often they can be seen sucking food from the substratum 
with the body inclined towards the substratum. It was also 
noticed that they browsed near the shore of the pond for 
uprooting of the algae. This habit was generally found to be 
very rapid in the evenings and mornings. 
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DISCUSSION 
Correlation between alimentation and nature of food and 
feeding :-
Every species of fish is adapted to feeding on a 
particular food, its sensory organs are adapted to seeking 
out the food, its buccal cavity to seizing it, its intestine 
to digesting it. However, the adaptation to feeding on a 
particular diet does not remain constant throughout the life 
of the fish. It changes as the fish grows. During the 
process of fish development changes take place in its food 
which are related with changes in the structure of feeding 
apparatus. Fishes have also evolved organs by means of which 
they seek out their food according to the characteristic of 
their feeding behaviour. Though different species with the 
same type of diet may differ in the structure of the 
alimentary system, the functional adaptations related to the 
nature of food and feeding habits remain in similar 
(Angelescu and Gneri, 1949). The degree of relation between 
the digestive tract and food may also vary. 
The gross morphology of buccal cavity and alimentary 
canal of the fish provide a clue to its food and feeding 
habits. The mouth is terminal, slightly ventral and inferior 
in position, with the upper jaw longer than the lower. It is 
overhung by the snout. Such position of the mouth helps the 
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fish, a bottom feeder, in extracting food from the mud. The 
inferior mouth has also been reported in some other bottom 
feeders like Hugil tade. Cirxhina mri^ala and Labeo dero by 
Pillay (1953), Khan (1972) and Saxena (1980) respectively. 
It is believed that the knob of lower Jaw in R. corsula 
probably helps in nibbling on attached algae from the 
margins of the river. The dorso-ventrally compressed conical 
head is also suited for the marginal feeding. Hora (1939) 
noticed the browsing habit of Mugil corsula near the shores 
of settling tanks of the Calcutta Corporation water works at 
Pulta. He emphasized that in this process the incisor-like 
structure on the lower jaw probably helps in uprooting the 
algae from the shores. The mouth lacks a well developed set 
of teeth. The structure of maxillaries and premaxillaries 
provide a protractile mechanism to the mouth which also 
supports the bottom feeding habit of the fish. Findings of 
the present study agree with the observations of Gupta 
(1981) on R. corsula and Pillay (1953) on Mgll tade. 
According to them the premaxillary process can be termed as 
"sliding stalk" on which the protractile mechanism works. 
However, in both cases the maxillaries are completely 
excluded from the gape of the mouth. By pulling down the 
lower jaw, the premaxillaries hang downwards, the thick 
upper jaw with maxillaries drawn forwards, get twisted and 
the mouth is widened in the form of an inferior oval 
opening. It shows that the premaxillaries, maxillaries and 
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fine serrations on the jaws are involved in the protractile 
mechanism. This inferior opening also suggests the bottom 
feeding habit of the fish. 
The predatory and carnivorous fish generally have 
shorter length of the gut, the omnivorous ones have 
comparatively longer length while herbivorous species are 
characterised by the possession of still longer lengths. It 
seems that the kind of food taken by a fish determines the 
length of the gut (Khanna, 1961). In R. corsula the longer 
length of intestine offers a large mucosal surface for 
absorption of digested food matter. The gizzard like stomach 
believed to be helpful in crushing or grinding the food to 
compensate the lack of any other masticatory apparatus. The 
stomach with a gizzard like structure is very similar to 
those of other mullets, Mugil t.ad.e (Pillay, 1953); HugjJL 
parsia and Hugjl speigleri (Sarojini, 1954); Llzs. dumerili 
(Marais, 1980). Eilsa. iiisha has also been reported to 
possess a gizzard like stomach (Khanna, 1961). Schmitz and 
Baker (1969) and Mundahl and Wissing (1988) have observed 
stomach with a muscular gizzard like structure in modified 
digestive tract of gizzard shad. They have also concluded 
that such modified stomach is capable of rapid mixing and 
grinding movements as the fish grazes at the bottom and suck 
in mud prefering soft decayed organic matter. 
The stomach with a muscular gizzard and the long coiled 
intestine are the features common to all bottom feeding 
117 
fishes. The pyloric caecae may be of only help in increasing 
the absorption surface. It is concerned with the diet of 
fish. Pillay (1953) einphasi2ed that food of mullet includes 
tough filamentous algae, silicious diatoms and the organic 
matter sucked in from the mud. As the oral teeth are feeble, 
the pharyngeal teeth subserve the function of filtration 
only. It is probably to compensate the lack of a masticatory 
apparatus, the stomach of the fish has structure of a 
muscular gizzard in which the hard food matter is 
communicated and partly digested. The study of organs of 
feeding and the structural modifications furnish the 
evidences that this fish is an iliophage. According to 
Angelescu and Gneri (1949) the special adaptations in the 
digestive apparatus of an iliophagous fish are : 
(a) suctorial type of mouth which lacks a well developed 
set of teeth, 
(b) a well developed pyloric stomach, and 
(c) a long gastro-intestinal tract offering increased 
absorptive surface and specially organised mucosa. 
All above mentioned features are present in the fish 
and are suggestive of its bottom feeding and iliophagous 
habit. 
Nature of food and feeding 
A review of the diet tables proves beyond doubt that 
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the fish obtained its diet, consisting mainly of fresh and 
decaying plant matter mixed with considerable amount of mud 
and detritus from the iliotrophic layer on the substratum of 
its habitat and so the fish may be termed as an iliophage. 
E- corsula may also be regarded as an omnivore consuming a 
wide range of food materials from higher equatic plants to 
micro-organism including almost every type of available 
organism to meet part or all of their nutritional need. 
Presence of higher quantities of mud and detritus and 
decayed organic matter in the gut of fish furnishes evidence 
about its feeding at the bottom. Accounts of the diverse 
views expressed on the food of grey mullets by various 
authors have been discussed in the work of Pillay (1953) and 
Sarojini (1957). Grey mullets, in general, have been 
feeder, soul feeder and bottom feeder etc. Gunther (1861 and 
1880) first observed that the fish of this genus feed on 
organic substances mixed with sand or mud, an observation 
later corroborated by Hornell (1911). He, however, added 
that the fish feed voraciously on occasions upon the shoals 
of small crustaceans. Jacot (1920) has explained that the 
stomach content of the adult fish consisted roughly 40% sand 
and mineral matter and remaining 60% vegetables and animal 
matter. 
The predominant occurrence of diatoms, green algae, 
blue-green algae, desmids, fragments of macrovegetation, and 
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semi-digested part of crustaceans, rotifers, larvae of 
oligochaetes, nematodes and dipterans in the gut strongly 
suggest the possibility of R. corsula being omnivorous. The 
presence of mud and detritus mixed alongwith these food 
matter in a considerable amount and pulpy mass of 
unidentified plant matter (i.e. decayed organic matter) 
furnishes evidence that the zone of feeding is not the 
surface water or mid-water but bottom. These findings 
coincide with the findings of certain other workers who have 
suggested the possibility of the grey mullets being 
omnivorous. Kyle (1926) observed that mullets feed on the 
mud or detritus containing the remains of plant and animal 
bodies that have settled at the bottom, while Norman (1937) 
found that decomposed animal and vegetable matter contained 
in mud formed the food of mullets. Lin (1940) described the 
food and feeding habits of Mugil cephalus and concluded that 
the fish feed on organic matter and small crustaceans which 
live or hide in the muddy bottom. Chidambaram and Kuriyan 
(1951) have reported that the mullets, HiigjJL JirQ.a.Qheli, 
Miigil waigiensis and Hn^ii aeJieJLi of the gulf of Mannar are 
primarily plankton feeders with occasional browsing habit at 
the bottom in the full grown mullets. 
Mention has already been made by Sarojini (1954) about 
the presence of diatoms on the mud flats. Many species of 
diatoms have been observed to live principally or wholly on 
the bottom or invariably found alongwith the sand grains and 
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decayed organic matter indicating that they were consumed 
from the bottom surface. Considerable percentage of diatoms 
in the gut of R. corsula suggests that the fish has a 
browsing habit and consumed its food from the river bed, 
Algae were generally present throughout the year in good 
quantities. This has been suggested that the fish 
accumulated it in the gut by uprooting them from the margin 
as well as from the bottom of the river and pond. The 
abundance of algae, either floating or forming a thick 
deposit, at the bottom has already been pointed out by 
Biswas (1927). According to him these thick bluish-green or 
blue-black layers of fresh or decayed algae can often be 
seen adhering to grasses or other submerged plants along the 
margin of ponds, rivers and lakes. These algae have been 
found as favourite item of mullet food as they predominated 
in the gut contents of a mullet, Mu^il tade (Pillay, 1953). 
As observed during the present study, the fish seems to 
prefer decayed organic matter, parts of higher aquatic 
plants, high percentages of mud and detritus supplemented 
with parts of benthic organism and zooplankton. Shells of 
foraminifera have been observed by Gnanamuthu (1943) in the 
guts of mullets. Ingested sand particles are considered to 
be helpful in the grinding of food particles in the stomach 
(Thomson, 1966). Findings of the present study agree with 
Marais (1980) for Lisa dumerili that large amount of sand 
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particles probably assisted in mechanical breaking up of the 
diatoms in the gizzard like stomach. It is also possible 
that the bacteria ingested with the sand may assist in 
digestion and also may be of food value to the fish. The 
occurrence of sand grains and mud further emphasizes the 
bottom feeding habit of the present fish species. In the 
present investigations the size dependent on the food 
preference of the fish R. corsula has not been taken into 
account. However, records of such studies have been 
presented by Reddy and Shanbhogue (1988) on other species of 
Mllgii. They have reported that in relation to size of the 
fish the occurrence of sand grains in general showed an 
increasing trend with increase in the size of the fish, Liza 
tade• The quantity of decayed organic matter decreased as 
size increased. Algae were found relatively more in earlier 
age groups and generally decreased as the fish grew to 
larger size. 
Miscellaneous animal matter, mostly parts of appendages 
of copepods, cladocerans, rotifers, moults of polychaets and 
larvae of insects, parts of molluscan shells and fish scales 
etc. were found in the stomach. Only few whole organisms 
were found in a slurry of other unidentifiable food 
materials that also proves their bottom feeding habit. The 
bottom fauna is a very important source of food for this 
fish. Findings of Sugunan and Vinci (1981) also confirm the 
present observations for R. corsula. They collected the fish 
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from Nagarjunasagar reservoir and concluded that the bulk of 
stomach contents of R. corsula consisted of settled 
detritus, dominated by sand and mud particles (index of 
preponderance 86.04). Diatoms formed the second largest 
component of gut contents alongwith zooplankton, 
chlorophyceae, myxophyceae and benthos as other food items 
in order of importance. 
The results of present study suggest some degree of 
electivity for the decayed organic matter, mud and detritus 
by R. corsula. The difference between the occurrence of 
insignificant quantities of such food items in the 
environment and their considerably high quantities in the 
gut contents exhibited that the fish feeds selectively. Even 
though phytoplankton and zooplankton were abundantly present 
in the river, the fish always showed preference to mud, 
detritus and decayed organic matter, which also included 
unidentifiable plant matter. For phytoplankton and 
zooplankton no selection for any particular group or species 
was observed. The broad range in the selection of its food 
items is an adaptation to obtain maximum quantities of food 
throughout the year because when one item was not available 
due to its seasonal scarcity the fish depends on its 
alternate. 
Negative selectivity of some planktonic organisms 
(Table 5.2) may be the result of either their 
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unaccessibility to the fish by virtue of their behaviour or 
else the fish may strongly reject these organisms because of 
their distastefulness, that the fish possess the power to 
orientate towards these food organisms with the help of 
specialized taste organs located on the lips as documented 
by Nikolsky (1963). Negative selectivity for one food 
organism and positive for other is also reported to be an 
inherent instinctive property of the fish (Ivlev, 1961; 
Cantin ei s±., 1974). 
Complete avoidance of blue-green algae and members of 
Euglenophyceae, may be due to their distastefullness^ 
undigestable nature or due to their occurrence in colonies 
surrounded by a gelatinous sheath. The same conclusion has 
also been drawn for Indian carps, Labeo rohita and Esomus 
danricus by Khan and Siddiqui (1973) and Mustafa (1976) 
respectively. According to Jafri and Mustafa (1977) after 
completing the ontogenetic development the fishes orientate 
towards their food by means of their taste organs which are 
in the form of a large number of cells situated on the lips. 
Predilection for certain food items as reflected by 
positive electivity indices of R. corsula indicates the 
structural and physiological modifications on the part of 
the fish to digest those food organisms. Lagler ei ai. 
(1962) and Nagase (1964) elucidated modifications in the 
shape and structure of the intestine in accordance with the 
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nature of the diet. Earri'^^^°" (1957) reported that the 
production of enzymes ^ ^orr^l^tes with the habitual diet of 
the fish. From the positive electivity for mud, detritus and 
decayed organic mattjj, (FiS- 5.3) it becomes apparent that 
R. corsula, has various morphological and physiological 
adaptations that enable the fish to select or sort out 
organic matter or detritus from inorganic particles and then 
to digest this material efficiently. Similar conclusions 
have been made by Bowen (1976, 1981, 1983), Payne (1978), 
Marais (1980) and Mundahl and Wissing (1988) for many 
detritivorous fishes. 
Pillay (1953) has also reported the physiological and 
morphological adaptations in a mullet, Mugil tade (Forskal). 
According to him the food of the mullet includes tough 
filamentous algae and silicious diatoms. The organic matter 
sucked in from the mud, when not fully decayed, is coarse, 
and the mullet has no specialised masticatory apparatus. As 
the oral teeth are feeble the pharyngeal teeth subserve the 
function of filtration only. It is probably to compensate 
for the lack of a masticatory apparatus that the stomach of 
the mullet has the structure of a muscular gizzard in which 
the hard food matter is comminuted and partly digested. 
Gunther (1861) emphasized that the mullet takes in mud which 
is worked for some times between the pharyngeal bones and 
the rough and indigestible portions of it are ejected. The 
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coarser particles of sand and other objects are sieved 
through the pharyngeal apparatus to be thrown out. R. 
corsula also showed such anatomical modifications and, 
therefore, can be concluded that the fish functions in 
accumulation and consolidation, as well as in acceptance or 
rejection of the food materials. Such feeding electivity was 
also noted in other detritivorous fishes commonly involves 
some type of release of unwanted materials through the mouth 
or the opercular openings (Odum, 1968; Bowen, 1979). 
Allen (1941) pointed out that the behaviour of the fish 
plays an important role in the selection mechanism. Besides 
the behaviour of the fish, the production of any food item 
is determined by the nature of the environment and the 
availability depends on the behaviour of feeding organisms. 
The fish select their food from those food items which are 
accessable to them in the environment. From the results of 
the present study, an adaptive property of fish appears 
using the available genera at a time when the preferred food 
organisms do not occur in the environment as a consequence 
of their succession. This ability allows R. corsula to take 
advantage of an extremely abundant food resources. However, 
given the overall poor quality of food items, R. corsula 
consume large amount of these materials to ensure adequate 
nutrition for normal growth and maintenance. The feeding 
behaviour is a species characteristic which becomes 
formulated during its evolution. The more stable the feeding 
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conditions of the species, smaller the range of food items 
to which it is adapted, and conversely more variable the 
food supply, the greater variety of foods oaten by the 
species. 
Rate of feeding or feeding intensity keeps on changing 
according to change in seasons, diurnal variations, growth, 
maturity and rainfall etc. Seasonal variations in the 
intensity of feeding of E. corsula was observed like other 
tropical fishes. A noticeable reduction in the feeding 
intensity is denoted by the large number of empty guts or 
containing traces of the food material in the fishes caught 
during May to August. In monsoon months high percentage of 
mud and sand was observed. It appears probably that during 
rainy season the bottom flora in these environments are 
greatly disturbed by the flood waters and the growth of 
planktonic food items is hampered. This might be the reason 
for small quantities of planktonic food consumed by the fish 
in rainy season. It is noteworthy that the highest incidence 
of empty guts recorded especially during May and June 
coincides with breeding season of the fish. Just after 
spawning when the largest number of spent individuals 
encountered the feeding intensitty start increasing. 
Observations on the present study corroborate the views of 
Jones and Sujansingani (1954) for different species of 
mullet and Luther (1962) on Lisa macrplepis. They have also 
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observed a low feeding activity in sexually immature and 
maturing stages when compared with those in spent stage. 
In the present study, a large number of fish in stages 
third and fourth of sexual maturity had low rate of feeding 
having their stomach mostly empty with traces of food. Poor 
feeding in majority of maturing individuals was observed. 
Feeding activity among mature individuals showed a decline. 
Such reduced feeding and high percentage of empty guts 
during peak maturity followed by intensive feeding after 
spawning had been recorded for many other teleosts (Qayyum 
and Qasim, 1964a, b, c). Wijeyratne and Costa (1987) have 
indicated seasonal variations in gastro-somatic index and 
recorded high values in January, February and August. They 
recorded breeding season of Lisa macrolepis extending from 
January to February and August to September by determining 
gastro-somatic indices and from the abundance of mature and 
spent individuals in the population. The steady occurrence 
of atleast a few empty guts throughout the year suggests the 
possibility of regurgitation of the food owing to shock 
during capture (Job, 1940). Observations based on high 
feeding intensity in spent fishes may be suggestive of high 
requirements of food for the building up of the gonad 
during which time the spent ovaries recover and the virgins 
start maturing. 
s 
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The observations made in the present work are at 
variance with those of Mora (1939), Bhimachar (1945) and 
Sarojini (1951). Hora (1939) pointed out the importance of 
anatomical study in a mullet, HjigJLL corsula and elucidated 
the structural adaptations and modifications that have been 
brought about by its surface feeding habit. He stated that 
aerial vision was acquired under estuarine conditions during 
the transition period from marine to freshwater life as an 
adaptation to feeding on floating matter. Hora (1939) 
described that Mugil corsula is little different from that 
of other members of the group. This species feeds on 
filamentous algae, floating on the water surface, insects 
and young molluscs entangled among the algal filaments. 
According to Bhimachar (1945) and Sarojini (1951) the 
stomach content of several adult specimens contained nothing 
but algae, few insects and young molluscs entangled among 
plants. 
Present observations are in broad agreement with the 
views expressed by Menon and Chacko (1956). They emphasized 
that the fishes feeding on filamentous algae, molluscs and 
worms, and in whose gut contents sand grains and mud are 
found in fair proportion, to be placed under the group of 
bottom feeders. Findings of the present study also agree 
with the observations of Ranganathan and Natarajan (1969) 
and Khanna (1961) for R. corsula,. According to them R. 
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CQgsula is predominantly a mud feeder and characterised by 
the presence of longer gut and a muscular bulb at pyloric 
end. The fish consumed large quantities of detritus, sand, 
mud and the organic matter. They observed that the spent 
specimens were found gorged with fine bottom scum indicating 
voracious feeding soon after spawning. Aquarium experiments 
of Gupta (1981) have also shown that this fish takes 
whatever is available at the bottom of the aquarium by 
taking a dive perpendicular to the water surface. 
Morphological adaptation of its mouth also supports its 
bottom feeding habit. Keeping in view all these observations 
it may be concluded that R. corsula is also capable of 
surface feeding. The aerial vision and the position of mouth 
just near the water surface aid in gulping the floating 
materials. A corollary to this finding is also apparent from 
the work of Sugunan and Vinci (1981), that R. corsula 
subsists mainly on the organic matter alongwith bottom mud 
and sand. Bottom living diatoms, algae, zooplankton and 
benthos formed minor percentages of food items. 
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DiatoiS 
Navicula 
Cydotella 
Synedra 
Helosira 
Anptiora 
DiatoM 
NitzBchia 
GyrosiqBa 
Cysbella 
Fraailaria 
Staurmeis 
Asterionella 
Pmnuiaria 
labellaria 
Breen algae 
Pediastrun 
Scenedesfius 
Ankistrodesnus 
SelenastruF 
Ulothrix 
Protococcus 
Spiroqyra 
Hicrospora 
tetinastrufi 
OphiocytiuiB 
Hydrodictym 
Zyqnejia 
19.88 
12.69 
0.17 
0.93 
0.77 
0.47 
1.76 
0.68 
0.17 
0.63 
0,08 
0.34 
0.38 
-
0.76 
15.96 
1.19 
2.54 
4.58 
1.39 
1.01 
3.78 
0.97 
-
-
-
0.50 
-
18.45 
13.19 
0.22 
1.27 
2.87 
0.54 
1.59 
0.45 
0.09 
0.23 
9.08 
1.00 
2.09 
0.46 
1.00 
1.00 
0.35 
0.07 
0.20 
0.23 
0.30 
8.71 
2.24 
0.93 
1.10 
0.82 
1.15 
1.05 
0.52 
0.08 
0.12 
0.70 
.05 
0.07 
0.45 
1.03 
0.50 
0.43 
0.02 
0.55 
15.59 
3.01 
1.12 
2.06 
1.07 
2.00 
1.31 
0.66 
0.07 
2.25 
0.64 
1.00 
0.40 
4.30 
0.43 
1.89 
0.14 
0.59 
0.23 
0.35 
0.01 
.05 
0.61 
18.78 
3.74 
0.71 
2.05 
2.15 
1.27 
2.01 
2.16 
0.&3 
0.38 
-
2.52 
-
0.76 
0.20 
10.74 
6.23 
1.52 
-
0.81 
2.17 
2.68 
1.19 
0.90 
0.56 
-
-
0.68 
29.70 
8,06 
0.32 
2.61 
4,01 
2.01 
2.21 
3,33 
1,37 
0,59 
-
4.83 
0,36 
-
-
20,00 
2.05 
3.03 
4,50 
0.72 
1.01 
2.57 
1.45 
2.10 
0.29 
0.32 
0.10 
1.80 
33.64 
15.34 
-
1.34 
2,36 
1.37 
2.52 
3.41 
2.75 
0.55 
-
2.42 
0.71 
0.89 
-
17.37 
1.57 
2.88 
3.07 
-
1.52 
3.10 
2.05 
2.00 
0.71 
-
-
0.47 
25.02 
12.03 
-
4.12 
0.91 
0.59 
1.11 
3.59 
0.48 
0.25 
-
1.71 
0.08 
0.15 
-
14.38 
0.92 
2.73 
1.12 
0.52 
1.07 
2.76 
1,37 
2,09 
0,64 
0.34 
-
0.82 
20.82 
6.50 
1.02 
1.85 
1.00 
2.50 
2.41 
2.02 
0.05 
0.80 
1.97 
0.45 
0.25 
12.^ 
1.05 
2.49 
2.56 
1.03 
2.35 
1.76 
1.31 
0.13 
26.23 
8.61 
2.02 
1.61 
0.77 
.34 
2.11 
1.27 
0.66 
1.01 
0.76 
3.12 
15.9 
2,31 
2.77 
1.39 
2.11 
1.11 
1.31 
1.01 
0.81 
18.96 
9.73 
0.54 
0.67 
0.36 
1.61 
1.56 
y.93 
1.51 
-
-
n.63 
0.41 
-
1.01 
16.0 
1.01 
2.36 
1.56 
2.38 
2.33 
1.88 
0.57 
2.02 
-
-
0.96 
1.00 
26.56 
15.32 
2.76 
1.78 
0.51 
1.81 
1.08 
0.69 
0.76 
1.01 
0.44 
-
0.32 
0.03 
-
8.60 
-
2.52 
0.43 
-
1.21 
1.12 
0.51 
1.07 
1.23 
-
-
0.51 
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Blue-green aigae 
/^acvstiB 
Tetrapedia 
Spinjlina 
Herisnooedia 
Ptiorsudiun 
Nostoc 
Anabaena 
Oscillatoria 
Desaids 
ClosteriuG 
Staurastrun 
Cosnariua 
Desiidiua 
DocidiuQ 
Euglenophyceae 
Euqlena 
Phacus 
200PLMT0N 
Cladocerans 
Copepods 
Rotifers 
Ostracods 
Eggs £ Nauplii 
Benthic organists 
Miscellaneous Mtter 
Decayed organic eatter 
Hud and detritus 
10,09 
B.80 
-
-
-
-
-
0.58 
0.17 
0.76 
0,76 
-
-
-
-
0.55 
0.08 
0.47 
0.70 
0.32 
1 
0.30 
0.08 1 
1 
-
5.50 1 
15.50 i 
30.55 
8.79 
8.79 
-
-
-
-
-
-
-
0.72 
0.72 
-
-
-
-
0.51 
0.51 
-
1.46 
0.75 
0.19 
0.46 
0.06 
-
0.112 
6.75 
20.50 
25.01 
: 2.02 
1.02 
-
0,20 
0,30 
-
-
0,25 
0.25 
0.54 
0.54 
-
-
-
-
0.03 
-
0.03 
1.41 
0.61 
0.13 
-
0.67 
0.05 
0.150 
8.64 
25.50 
M.50 
i 2.22 
1.92 
-
-
0.12 
-
0.17 
n.oi 
1,45 
1,45 
-
-
-
-
-
-
-
0,25 
0.15 
-
0.10 
-
0.19 
0.129 
5.00 
25.25 
46.02 
' 0.50 
0.29 
-
-
-
-
-
-
0.21 
4.86 
2.78 
1.57 
-
0,43 
0.08 
-
- • 
-
0.01 
-
-
0.01 
-
0.37 1 
0.0951 
6.07 
24.00 ! 
35.25 
' 0,67 
0,58 
0,09 
-
-
-
-
2.20 
2.20 
-
-
-
-
2.15 
1.00 
1.15 
2.72 
1.40 
1.12 
0.20 
0.025 
1.78 
21.50 
18.50 
' 2.85 
1 0.95 
0.32 
0.31 
0.30 
0.40 
0.25 
-
0.32 
5.01 
2.50 
1.25 
0,43 
0.32 
0.51 
0.23 
0.06 
0.87 
2.23 
-
1.00 
0.62 
0.41 
0.20 
0.005 
2.24 
20.20 
16.50 
3.60 
1.40 
0.63 
0.01 
-
0.06 
-
0.42 
1.08 
4.12 
2,31 
1.08 
0.03 
0.54 
0.16 
4.32 
1.24 
3.08 
2.44 
1.03 
1.40 
0.01 
-
0.01 
0.101 
0,69 
25.60 
20.00 
: 1.04 
0.75 
-
-
0.25 
0.04 
-
-
-
2.73 
2.00 
0.13 
0.20 
-
0.40 
-
-
-
1.21 
0.45 
0.61 
0.15 
-
-
0.002 
1.50 
30.50 
30.52 
6,67 
2.61 
-
1,21 
1.43 
0.92 
-
-
0.50 
2.58 
2.58 
-
-
-
-
0.07 
-
0.07 
1.31 
0.43 
0,44 i 
0.44 i 
1 
1 
i 
3.00 j 
25.00 1 
20.50i 
::ii 
3.12 
0.23 
1.32 
0.08 
0.58 
2.62 
2.42 
0,20 
0.31 
0,31 
7,37 
4.27 
3.10 
0.012 
2.95 
32.00 
15.00 
8.05 
1.55 
2.19 
4.4 
0.53 
1.48 
1.29 
0.12 
3.73 
0.76 
0.99 
0.125! 
2.32 
20.50 
30.00 
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Electivity index (E) of R. corsula (Haa.) for various food iteas 
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Diatoffis 
Navicuia 
Cvdotella 
Svnedra 
Reiosira 
Amphora 
Diatoa 
Nitzschia 
GyrosiQca 
Cyrsbella 
Fraqilaria 
Stauroneis 
Asterionella 
PinnuUna 
label lana 
Green algae 
Pediastrua 
Scenedesrus 
AnkistrodssGus 
Selenastran 
Ulothru' 
ProtocDccus 
Spiroqyra 
Ricrospora 
ActmastruR 
Ophiocytiur; 
Hydrodictyon 
Zyane^a 
+ 0.367 
- 0.491 
- 0.562 
-0.189 
-0.719 
-0.541 
-0.572 
-0.786 
+0.373 
-0.746 
-0.465 
-0.392 
-0.8(ffl 
-0.272 
-fi.378 
-0.041 
-0,285 
+0.209 
-0.230 
Hl.701 
+0.176 
_ 
+ 0.272 
0.756 
-0.474 
-0.497 
-0.537 
-0.581 
-0,763 
•1.000 
•1.000 
-1.000 
-0.370 
-1.000 
-0.378 
-0.440 
-0.356 
-0.718 
+0.Q63 
-0.606 
-0.090 
-0.754 
-0.354 
-0,465 
-0,250 
0.303 
1.000 
- 0.401 
-0.191 
-0.356 
-0.581 
-0.273 
-0.384 
-0.555 
-l.flOO 
-0.5?? 
+0.728 
-1.000 
-1,000 
-0.096 
- 0 . 7 ^ 
-0.624 
-1.000 
-1.000 
-0.739 
-0,173 
-LOW 
-0.366 
-1.000 
+0.664 
0,278 
l.OOO 
- 0,410 
+0.110 
-0. 
-0.150 
-0.346 
-0.570 
-0.831 
-1.000 
+0.495 
+0.254 
+0.769 
-0.633 
-1,000 
-0,834 
-0,359 
-O.'OO 
-1.000 
-0.787 
-0.465 
-0.435 
-0.980 
-0.948 
-1.000 
-0.016 
0,293 
0,300 
0.026 
-0.079 
-0.465 
-0.157 
+0.090 
-0.005 
-0.552 
•1,0 
+0.272 
•1,00 
-0,344 
-0,714 
-0,846 
-0,522 
-1,000 
-0,643 
+0.002 
-0,131 
-0,051 
-0.263 
-0.588 
-1.000 
-1.000 
+0.307 
+_0.240 
-0.529 
+ 0.370 
+0.237 
-0.216 
-0.295 
+0,S1 
-0,048 
-0.415 
-1,000 
+0.740 
-0.482 
-1,000 
+0,151 
-0.038 
-0.004 
-0.217 
-0.246 
+0,01'? 
+0.203 
+0.114 
-0.376 
•0.777 
+0,636 
+ 0.499 
1.000 
+0.135 
-0.284 
-0.750 
-0.335 
+0.052 
+0.439 
+0.037 
•1.000 
+0.406 
+0.314 
+0.119 
-0.236 
-0.323 
+0.331 
-1.000 
-0.148 
-0.003 
+0.353 
+0,324 
-0,485 
-1,000 
-1,000 
+0.540 
+ 0.215 
1,000 
+0,450 
-0.601 
-0.482 
-0.512 
+0.861 
-0.65.0 
-0.579 
-1.000 
+0.106 
-0.875 
-0,539 
-1. 
-0.524 
+0.328 
-0.531 
-0.649 
-0.126 
+0.045 
+0.262 
+0.446 
-0.441 
-0.139 
-1.000 
+0.138 
0.009 
1.000 
-0.540 
-0,056 
-0,166 
-0,262 
-0,073 
+0,150 
-0.885 
-0.116 
+0.169 
-0.318 
-0.434 
•1.000 
-0.454 
-0.127 
-0.143 
-1.000 
-0.076 
-0,171 
+0.472 
-0.201 
-0.942 
-1.000 
-1.000 
-I.OOO 
+ 0.059 
1,000 
-o.im 
-0,152 
+0.536 
+0.009 
-0.107 
-0.345 
-0.423 
•1.000 
-0.085 
-1,000 
+0,035 
+0.134 
-0.175 
-0.111 
-0.337 
-I.OOO 
-0.351 
-0.403 
t0.174 
-0.251 
-1.000 
-0.165 
+0.065 
-0.201 
-0.573 
-0.0 
-0,492 
-0,009 
+0,399 
-0,015 
-0.095 
-i.m 
-1,000 
+0,135 
+0,025 
-1,00C! 
+0,025 
-0,659 
-0,?A1 
-0,025 
+0,081 
-0,356 
-0.333 
+0.085 
+0.274 
-1,000 
-1,000 
-0.261 
+0,111 
+0.069 
-0.062 
+0.053 
-0.244 
t0,061 
+0,038 
+0.23 
-0,136 
-0,125 
-0.312 
-1.000 
-0,515 
-0,304 
-1.000 
-0.265 
-0.398 
-1.000 
-0.303 
-0.356 
+0.051 
-0.097 
+0,lffi 
-1.000 
-1.000 
+0.259 
.Contd 
toths 1 HAY 1 Mi | JLl j ^ | SEP | KT | fW | CEC j JAN | FEB j fWi j (^B 
Blue-green algae 
Anacystis 
Tetrapedia 
Spirulina 
Heriasipedia 
PhornidiuB 
Nostoc 
IViabaena 
Osci l latona 
Desfflids 
Clostenuo 
Staurastrun 
Cosaanus 
Desiidius 
Docidiuf! 
Euglenophyceae 
Euglena 
Phacus 
iwpumim 
Cladocerans 
Copepods 
Rotifers 
Ostracods 
Eggs & Nauphi 
Benthic organisms 
Hiscellanerais natter 
Decayed organic aatter 
Hud and detritus 
-0.102 
-1,000 
-l.OOfl 
-I.000 
-i.oon 
-1.000 
+0.203 
-o.m 
-0.811 
-1.000 
-n.877 
-0.731 
+0.3'?1 
-l.flOO 
+0.176 
-0.448 
-1.000 
-l.OOO 
+0.466 
+0.586 
+O.706 
-0.349 
-1,000 
-1.000 
-1.000 
-1.000 
-1.000 
-1.000 
-1.000 
-0.651 
-1,000 
-1.000 
-0.553 
-1.000 
+0.442 
+0.055 
+0.095 
-0.555 
-1.000 
+0.777 
+0.459 
+0.640 
+0.664 
-0.895 
-LOW 
-0.772 
-0.745 
-l.OfiO 
-1.000 
-0.583 
-0.832 
-0.731 
-l.OOO 
-1.000 
-1.000 
-1.000 
-1.000 
-0.972 
— 
-0,365 
-1.000 
+0.145 
-0,930 
+0.886 
+0.367 
+0.431 
+0.669 
i 
-0.789 
-1.000 
-i.OOO 
-0.680 
-1.000 
-1.000 
+0,133 
-0.986 
-0,(X)3 
-1,000 
-i,O00 
-1.000 
-1.000 
-1.000 
-0.250 
-1.000 
-0.583 
-1.000 
-0.254 
+0.643 
-0.007 
+0,642 
+0.624 
-0.963 
-1.000 
-1.000 
-1.000 
-1,000 
-1.000 
-1.000 
-O.m 
+0.396 
+0.857 
+0.283 
-0,500 
-1.000 
-1.000 
-1.000 
-1,000 
-0.981 
-1.000 
-0.063 
+0.596 
-0.105 
+0.627 
+0.558 
1 
-0.950 
-O.-f^l 
-1.000 
-1.000 
-1,000 
-LiTOO 
-1,000 
+0.433 
+0.047 
-1,000 
-1.000 
-1,000 
-1.000 
-0,137 
-0,120 
-1,000 
+0,794 
+0.647 
-0.230 
-1.000 
+0.515 
-0.168 
+0.666 
+0.370 
-0.920 
-0.729 
-0.436 
-0.790 
-0.420 
-0.473 
-1.000 
-0.228 
-0.019 
+0,736 
-0,7^7 
+0,166 
+0.569 
-0.400 
+0.722 
-1.000 
+0,45"? 
-0.322 
+0,490 
-0.148 
-0.375 
-0.044 
+0.635 
+0.500 
-0.865 
-0,275 
-0,979 
-0.979 
-0.911 
-1.000 
+0.312 
+0.119 
-0.128 
-0.013 
-0.800 
+0,090 
-0.319 
-0.053 
-0,114 
+0.391 
+0,513 
-0.962 
-0.933 
+0.942 
-0.567 
+0.738 
+0.568 
-0.941 
-1.000 
-1.000 
-0.898 
-0.878 
-i.m 
-1.000 
-I.m 
+0.351 
+0,444 
-0,183 
-1.000 
+0.481 
-1.000 
-1.000 
— 
-0.150 
+0.558 
-I.m 
-0.428 
+0.111 
+0.742 
+0.687 
-0.160 
-1,000 
-0.126 
-0.209 
+0.179 
-1.000 
-1.000 
-0.065 
-0.125 
-1.000 
-0.900 
-0.211 
-0,439 
+0.38 
-1.000 
-1.000 
-O.m 
+0.710 
+0.413 
+0.591 
-0.795 
-0.025 
-i.OOO 
-0.879 
-1.000 
-1.000 
-0.366 
-0.035 
+0.025 
-1.000 
-1.000 
-l.OOO 
-0.114 
-0.431 
-0.050 
-1.000 
+0.263 
-0.202 
+0.729 
+0.200 
-0.101 
-0,748 
-1.000 
-0.028 
-1.000 
-0.263 
-1.000 
-1.000 
-0.541 
-1.000 
-O.ff i l 
-1.000 
-1.000 
+0.207 
-0.333 
-0.104 
-1.000 
+0.953 
+0.015 
+0.607 
+0.578 
TABLE 5.3 
Seasonal variations in the gastro-somatio index (G.S.I.) and 
percentage of empty guts. 
Male Female 
Months -- " ~ - -
G.S.I. % Empty guts G.S.I. % Empty guts 
May 
June 
July 
August 
ofcptettiber 
Oi^tober 
November 
Lwcember 
January 
February 
March 
April 
2.630 
2.259 
3.144 
3.784 
4.592 
4.354 
3.966 
3.578 
3.012 
2.664 
2.667 
2.537 
_. .. 
33.33 
16.66 
20.00 
16.66 
-
-
-
-
-
-
3.256 
3.099 
3.605 
5.857 
6.343 
4.943 
5.386 
4.383 
3.926 
3.528 
3.398 
3.371 
16.66 
25.00 
18.18 
5.55 
--
-
-
--
-
-
— 
TABLE 5.4 
Variations in the intensity of feeding with maturity 
stages. 
Maturity 
stages 
I 
II 
III 
IV 
V 
G.S.I. 
3.574 
2.969 
2.883 
2.541 
3.959 
Mall 
- -
s 
— 
% empty 
--
-
6.66 
23.52 
5.00 
guts 
Female 
-- ~ — "-
G.S.I. % 
4.686 
4 . 506 
3.470 
2.654 
7.231 
20.0 
ABBREVIATIONS 
Oes. : Oesophagus 
Qz. : Gizzard 
Stm. : Stomach 
Pyl. Caeca : Pyloric caeca 
Int. : Intestine 
Ul. -• Upper lip 
LI. : Lower lip 
N : Notch 
T : Tubercle 
F : Folds 
•B 
Oroov# 
Sliding 
Stalk 
D o r s « l 
process 
of .,, 
pr«m*xii i 
UnpaifCtl piece 
of cartridge 
f ( # rn a xi 11 * 
- Knob 
—D«nt«3ry 
Nolch Symphy»ls 
( A-H-er Gup-fa , 1 9 8 1 ) 
Fig. 5.1. A. B, C. Alimentary canal and buccal cavity of B.> 
corsula. 
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INTRODUCTION 
The fishes, like all other vertebrates reproduce 
sexually. In the vast majority of species, eggs and 
spermatozoa are formed in separate individuals (diocious), 
and the gametes are expelled into the surrounding water 
where fertilization takes place immediately and is promptly 
followed by the development of a new generation. The 
knowledge of reproductive biology of a fish is extremely 
important in successful management and exploitation of its 
fishery. In a biosphere the success and failure of a species 
largely depend on its spawning potential. Since it is well 
known that a fishery which is dependent on a few age classes 
is much more affected by the success or failure of spawning 
in any one year than which operates on many age groups. In 
view of the fact that determination of the spawning and 
frequency of reproduction within the season and within the 
life span of the fish are essential pre-requisites in 
assessing the reproductive potential of a population, it is 
necessary that contradictory views expressed by earlier 
workers are thoroughly analysed and a more precise 
information is obtained to formulate future programme of the 
work. 
Although Hora (1939) made a few observations on the 
spawning habits of H. corsula (syn. Rhinomugil corsula), the 
first concerted attempt to understand its maturity and 
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spawning habits and to delimit the spawning season can be 
said to have been made by Qasim and Qayyum (1961). Following 
this, Ranganathan and Natarajan (1969) and Sugunan and Vinci 
(1981), while confirming some of the earlier findings, have 
also provided some information to our knowledge on the 
spawning habits of Rhinomugil corsulaf Hamilton'). It is but 
natural that conclusions have been drawn with limited data 
at their disposal. Very few of them are in depth studies in 
the sense that their findings were made on the spawning 
season, as estimated from examination of ovaries and intra-
ovarian oocytes, for a particular month. However, their 
studies do not indicate any clear trend with regard to the 
fecundity and spawning period. 
There are a number of references on the spawning of the 
common species of mullet from different localities such as 
Hora (1939), Pillay (1949), Pakrasi and Alikunhi (1952), 
Sarojini (1957, 1958), Luther (1963), Abraham ai, ai- (1966), 
Ranganathan and Natarajan (1969), Avanesov (1972), 
Rangaswamy (1974), Brulhet (1975), Grant and Spain (1975), 
Kuo and Nash (1975), Hussein and Aiass (1982), Salem and 
Mohammed (1982), Naama ei. ai. (1986), Sathyashree £i. al. 
(1987), Wijeyaratne and Costa (1987, 1988) and Gowda and 
Shanbhogue (1988). 
There are extensive observations on the reproductive 
biology of both marine and freshwater fishes of India. Some 
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recent informations available on various aspects of the 
reproductive biology of some freshwater fishes are provided 
by Parameswaran £i ai-, 1972, 1974; Varghese, 1973, 1976; 
Siddiqui ei ai. 1976a and b; Balasundar Reddy, 1979; Kumari 
and Nair, 1979; Devaraj, 1983; Mojumder, 1987; Kader at ai., 
1988. A review of the literature reveals that very little 
work has been done on the reproductive biology of Rhinomugil 
corsula belonging to the group of grey mullets (Mugilidae). 
Therefore, it was thought worthwhile to examine in detail 
the reproductive biology of this species. The present study 
deals with the sex ratio, spawning season, seasonal cycle in 
gonad condition, gonado-somatic index, size frequency 
distribution of mature oocyte during breeding season, 
fecundity and its relation with different body parameters. 
MATERIAL AND METHODS 
Material for the study was obtained from the river 
Yamuna. Particulars of month, fishing area, total length and 
weight were recorded for each fish. Since it was not 
possible to determine the sex by morphological characters, 
abdominal incision was made. The weight, sex and stages of 
maturity were noted in fresh condition following the scheme 
of Qayyum and Qasim (1964a, b, c). The gonads were removed 
and preserved in 5% formaldehyde solution for examination. 
Though the determination of spawning season on the basis of 
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the maturity of the gonads has been carried out mainly on 
the basis of examination of the ovaries, development of 
testes was also taken into consideration. 
Sex ratio in relation to size and season was 
determined. Gonado-somatic index (Gn.S.I.) was calculated to 
determine spawning behaviour and extent of breeding season 
where weight of gonads is expressed as the percentage of 
body weight. Trial measurements of ova from various sections 
of ovaries disclosed no obvious local concentrations of any 
other size group of ova in a particular part of the ovary. 
Samples were taken from both ends and from the middle of 
each ovary. The size progression of intra-ovarian oocytes 
was studied from March to August. A portion of the preserved 
ovary was teased apart, and all the oocytes (around 500 to 
1000) were measured with the help of an ocular micrometer. 
For fecundity, only ripe ovaries were taken into 
consideration. After weighing the two ovaries on a single 
pan balance to within 0.001 g, two small portions of the 
ovary were taken, accurately weighed and then all the eggs 
were counted. A mean of the two counts was noted and then 
multiplied by the total weight of the ovary. The total 
number of mature ova per fish (fecundity) was then computed 
on a proportional basis and the relationships between 
fecundity and the various body dimensions were calculated. 
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RESULTS 
Sex Ratio : 
The ratios between the males and females are based on 
the samples examined during each month of the year (Table 
6.1). The sex ratio was observed to be unbalanced in favour 
of females. The over all percentage of females and males in 
the population was found to be as high as 55.5% and 44.4% 
respectively. Variation of sex ratio with size is shown in 
Fig. 6.1. The percentage of males decreased with increased 
size. The percentage of females were found to be hundred 
percent with the scarcity of males in larger size group 
whereas number of males in smaller size group was higher 
than the number of females. Seasonal variation of sex ratio 
is shown in Fig. 6.2. 
It was observed that females were more abundant in 
August and November while in rest of the months number of 
the individuals in the two sexes appeared to be more or less 
equal. In May and February, the sex ratio was found to be 
1:1. 
Maturity and spawning : 
The classification of gonads into five maturity stages 
according to size, shape and colour as suggested by Qayyum 
and Qasim (1964a, b, c) and applied to several freshwater 
fishes by Khan (1972), Chatterji (1976) and Kumari and Nair 
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(1979) was also used for R. oorsnla. For identification of 
the gonad, their weight, colour, general appearance and 
extent in the body cavity and ova diameter, assessed during 
three major arbitrary periods (Viz. pre-spawning, spawning 
and post-spawning), were taken into consideration and 
discussed in the following chart : 
Gonadal condition 
Period Stage 
Hale Female 
Pre-spawning I (Immature) Testes were The ovaries were 
small and short, more or 
slender and less equal and 
occupied about semi-transparent 
the same space with their two 
as the ovaries lobes appeared 
and distinguis- to be as two 
hed microscopi- flesh coloured 
cally from the thread like 
ovaries. structures 
Gonado-somatic extending to 
index-0.506 slightly less 
than one third 
of the body 
cavity. Eggs 
were not visible 
to the naked 
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eyes. Under 
microscope, they 
were irregular 
in shape, trans-
parent with a 
nucleus in the 
centre. Yolk 
formation has 
not commenced. 
Gonado-somatic 
index was 1.318 
Pre-spawning II (Maturing Testes showed a Ovaries thin 
virgins or corresponding extending to 
recovered increase in slightly more 
spents) size, occupying than half the 
about 1/3 of length of the 
the body body cavity, 
cavity. Colour light pink. 
remains white. Ova not visible 
Gonado-somatic to naked eyes; 
index 0.555. spherical and 
opaque; yolk 
deposition 
initiated in 
most ova; 
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Pre-spawning III (Ripe-
ning) 
Testes showed 
an ivory colou-
ration, 
occupying about 
1/2 the space 
of body cavity. 
Gonado-somatic 
index was 
0.921. 
translucent; 
nucleus visible. 
Gonado - somatic 
index was found 
to be 1.606. 
Ovaries yellow-
ish white in 
colour, elongat-
ed, slightly 
lobulated; 
ovarian blood 
vessels visible; 
extending almost 
the entire 
length of the 
body cavity. The 
ovarian wall 
became thinner. 
Eggs visible to 
the naked eyes. 
The gonado-
somatic index 
was 3.308. 
Ovaries were 
yellowish to 
yellow white in 
Spawning IV (Full 
mature or 
ripe) 
Testes were 
flabby massive, 
dull pink or 
138 
creamy white in colour; 
hue and filled distended, 
the entire occupying the 
available space whole body 
of body cavity. cavity; 
The gonado- enclosing the 
somatic index intestine by 
was 1.699. lateral 
extensions. The 
ovarian wall 
became very 
thin, delicate 
and easily 
rupturable. Eggs 
were opaque and 
very distinct. 
The gonado-
somatic index 
was 5.786. 
Post-spawning V (Spent) Testes appeared Ovaries baggy 
shrunken occup- like, occupying 
ying only 1/4 about 1/5 of the 
of the body space of body 
cavity. Gonado- cavity. In 
somatic index recently spawned 
was 0.380. fish the ovary 
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has few remnants 
of mature ova. 
But majority of 
ova were small 
transparent, 
invisible to the 
naked eye and 
belong to 
immature stock. 
This stage 
apparently 
resembled to 
stage II but 
differs from it 
in the 
relatively 
smaller size and 
loosely packed 
nature of mature 
ova. Gonado-
somatic index 
was 0.614. 
Spawning cycle : 
The picture of the spawning cycle presented here 
depicts the cycle of seasonal changes in the gonads of 'the 
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species. The gonads showed a regular seasonal development 
with little overlap between different maturation stages. The 
percentages of ^/arious maturity stages in different months 
have been plotted diagramatically in Fig. 6.3. It is evident 
from the figure that both sexes start maturing from December 
onwards. In March, gonads of both sexes become considerably 
enlarged and reach the ripening stage. In April, ripe 
specimens began to appear and May and June showed a peak 
period of ripe fishes having marked changes in the general 
appearance of gonads. Ovaries became fully distended and 
covered the whole body cavity. Presented diagram shows that 
ripe females in stage IV occurred during May to August 
predominantly with greater number in May (83.33%) and June 
(87.5%) (Fig. 6.3). The gradual decrease in the percentage 
representation of ripe specimens from July onward reflects 
the spawning activity. Simultaneously, there was a gradual 
increase in the percentage of spent (stage V) individuals as 
recorded during the same period. Larger number of spent 
fishes were recorded in September in both the sexes which 
extends upto October (Fig. 8.3). The cycle of maturation and 
depletion of gonad give the idea of breeding season of E.. 
corsula and its duration which lasts for four months (July 
to October). 
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Seasonal changes in gonad - weight : 
The gonad weight expressed as percent of body weight 
(gonado-somatic index) is illustrated in Fig. 6.4. Higher 
values of gonado-soroatic index in females were recorded 
during April to June indicating full development of the 
ovary during these months. Identical patterns were observed 
in both the sexes except in the month of July where only 
males showed an increase in gonado-somatic index. Low values 
were obtained from September to November when rematuring 
adults have ovaries in stage II alongwith immature 
specimens. The values gradually increased from December, 
when the ovaries begin to mature and reach the maximum 
during May and June, when most of the adults were fully 
mature (stage IV). In September, a noticeable fall in the 
values of gonado-somatic index was recorded. 
Frequency of spawning : 
The ova diameter frequencies from April to September 
have been shown in Fig. 6.5. The maturation of ova began in 
April when the modal size of ova was recorded as 256 |i. A 
feeble increase in the size of ova noticed in the month of 
May and June when the fishes reached ripening stage with 
modal size of ova ranged between 403 to 506^. The rate of 
increase in ova diameter became conspicuous by April and, as 
growth is quite rapid, thereafter, nearly ripe ova were 
observed in the gonads. The fully ripe ovarian eggs of the 
size 620 to 773n in diameter were recorded during July and 
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August. Fish with ripe gonads were predominant from May to 
August. The larger size of ova of this stage formed a 
distinct mode that was separated from the stock of maturing 
ova. In late July, this ova size class was lacking in the 
ovaries of few individuals but by September and October all 
fish lacked this size class. 
Spawning season 
It is considered that indubitable evidence of spawning 
was offered by stage V of the gonads. From Fig. 6.3 it is 
quite clear that stage V gonads were recorded from July to 
October, which obviously indicate the spawning season of the 
fish. Decline in the value of gonado-somatic index from July 
to October and the observations on the size progression of 
ova during different months further support that each 
individual spawns only once in a breeding season which is 
restricted to a short period (from July to October). 
Fecundity 
Thirty two specimens with stage IV i.e. ripe ovaries 
were used for this study, the results of which are presented 
in Figures 6.6 to 6.10. The fecundity ranged between 1,012/g 
to 3,220/g of ovary weight in different specimens. 
Relation between fish size and fecundity : 
The number of ova bear some exponential relationship with 
the length of the fish. The relationship between fish size 
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and fecundity of the studied fish is represented in Fig. 6.6 
and expressed as : 
Log F = -6.253 + 4.352 Log L; where 'F' is the number 
of ova in thousands and 'L' is the total length of the fish 
in mm. 
Coefficient of correlation was obtained as (r) - 0.906. 
The r value was also tested for significance (t = 11.528 > 
1.96). The length-fecundity relationship of R. corsula was 
found to be highly significant at 5% level (Table 6.2). The 
parabolic equation of this relationship is represented as : 
F = 0.558 X 10-6 X L4-352 (Fig. 6.6) 
These analyses showed a linear relationship between 
fecundity and size of the fish. 
Relation between fecundity and fish weight : 
The relationship between fecundity (F) and body weight 
(W) can be expressed logarithmically by the equation: 
Log F = 1.210 + 1.348 Log W (Fig. 6.7) 
Table 6.2 showed a linear relationship between the two 
variables. The coefficient of correlation (r - 0.920) and t-
test showed that this relationship is highly significant at 
5% level. This relationship has been shown with the 
individual points in Fig. 6.7 and the resultant parabolic 
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equation was found to be as : 
F = 16.218 Wi-348 
The graphic expression of the equation (Fig. 6.7) indicated 
that fecundity has a closer relation with the fish weight. 
Relation between fecundity and Ovary weight : 
As above, employing the method of least squares the 
formula which best fits the relationship between fecundity 
and ovary weight was calculated logarithmically as: 
Log F = 2.537 + 1.689 Log OW and 
r = 0.927 ; 
Where 'F' and 'OW represented fecundity and weight of ovary 
respectively. In the parabolic form the relationship was 
estimated to be as : 
F = 344.349 OWi-ssa (pig. 6.8) 
From Fig. 6.8 and Table 6.2 equation and value of 'r' 
and 't' showed the number of eggs produced has a close 
correlation to the mean weight of the ovary. 
Ovary weight/total length relationship : 
The studies done on the data pertaining to total length and 
ovary weight have been presented as a scatter diagram in 
Fig. 6.9 which showed a curvilinear relationship between the 
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two variables and can be expressed by the equation as : 
OW = O.lOSx 10-3L2-O66 (Fig. 6.9) 
The values were then converted to logarithms and the 
formula obtained is : 
Log OW = -3.979 + 2.066 Log L; 
where OW = Ovary weight(g) and L = Total length (mm). 
The correlation coefficient (r) for this relationship was 
computed as 0.784. Table 6.2 indicates that this value when 
tested has shown the relationship statistically significant 
at 5% level. A curve was also fitted to the scatter diagram 
(Fig. 6.9) using the above formula which represents the 
calculated values of ovary weight at different lengths of R. 
corsula. 
Ovary weight/body weight relationship : 
The data on body weight and ovary weight of each specimen 
were plotted as shown in Fig. 6.10 and presented in Table 
6.2. The scatter diagram on these parameters indicated a 
straight line relationship. Logarithmically linear 
regression equation was also obtained. Both equations can be 
expressed as : 
OW = 0.298 W0-680 (Parabolic relationship) 
Log OW = -0.524 + 0.680 Log W (Logarithmic form) where 
OW is the weight of ovary and W is the body weight. The 
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correlation coefficient (r) for the above relationship was 
computed as 0.874. This value when statistically tested was 
found to be significant (t = 9.743 > 1.96 at 5%). A straight 
line was also fitted to the scatter diagram which 
represented the calculated ovary weights at different body 
weights. 
DISCUSSION 
A knowledge of the sex composition of catches is of help in 
understanding whether any differential fishing exists, and, 
if so, what possible bearing it has on the fishable stock. 
Disproportionate occurrence of the number of two sexes of R. 
"corsula agree with the similar occurrence of the two sexes 
of other mullets like H. cephalus, H. dussumieri. and. £. 
cunnesius (Rangaswamy, 1974; Effendi and Sjapei, 1976; 
Wijeyratne and Costa, 1988). The sex distribution (Fig. 6.2) 
revealed that two sexes were not occurring in the same 
proportion during the entire period and showed some 
fluctuations. Seasonal variation in sex ratio was 
significantly different from the hypothetical ratio of 1:1 
in all months of the year except in May and February. In 
general, all the catches that were analysed, showed more 
females than males resulting into unbalanced sex ratio in 
favour of females. Dominance of females over males was also 
observed by Brulhet (1975) in HiigjJL cephalus ashentensis. 
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Effendi and Sjapei (1976) in li. dussumieri. Wijeyratne and 
Costa (1988) in L. macrolepis and in many other genera by 
Chatterji (1976), Kumari and Nair (1979) and Kader ei ai-
(1988). Das (1978) in H- neuhalus observed that females 
dominate over the males in the pre-spawning months and males 
over females during post-spawning months. While Gowda and 
Shanbhogue (1988) observed dominance of males over females 
in y.. seheli during all the months. Variation of sex ratio 
with size in the present study showed contradictory findings 
in comparison to the findings of Das (1978) and others. In 
the case of R. corsula, the percentage of males in smaller 
size groups was found to be high, and beyond 300 mm group 
the complete exclusion of males was observed. The presence 
of higher number of males in smaller size groups indicates 
that the life span of males is shorter than that of females. 
It may, probably, be due to heavy mortality of males in the 
larger size group either by natural death or due to spawning 
stress or due to fishing pressure. The dominance of males 
among smaller size fishes and females in larger ones has 
been reported in a number of fishes by Bailey (1963), 
Bhatnagar (1972), Chatterji (1976) and Wijeyaratne and Costa 
(1987). 
There are extensive observations on the spawning season 
of both marine and freshwater fishes of India. As regard to 
Indian freshwater fishes, a perusal of the literature on 
their spawning season reveals that most species have 
148 
relatively short spawning season and spawn after the onset 
of monsoon. In most parts of India the monsoon begins around 
middle of June and the rivers, lakes and ponds are in flood 
during July to September, which coincides with the spawning 
season of most species. Qasim and Qayyum (1961) described 
the breeding season of some freshwater fishes with special 
reference to those occurring in the plains of northern 
India. They described the probable duration of breeding from 
July to August in carps, June to September in cat fishes, 
June to October in murrels and July to September in grey 
mullet and spiny eel, collected from river Ganga, Yamuna and 
Kali. Parameswaran £±. sJL. (1974) and Chatterji (1976) have 
reported the breeding season of Labeo spp. in July and 
August. These fishes spawned only once in a year for a short 
period. The studies on cyclic changes in the maturation, 
depletion of gonads, intra-ovarian oocytes, and gonado-
somatic index in R. corsula clearly indicated a synchronous 
breeding with the onset of monsoon and agree with the above 
said description. 
The occurrence of stage IV (fully mature) individuals 
in large numbers in the months of April, May, June and July 
caused higher values of gonado-somatic index. These findings 
coupled with the occurrence of spent specimens in the 
subsequent months offer not only additional proof of the 
duration of spawning season but also indicate the major 
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phases of the reproductive cycle. Male and female 
individuals both showed that weight changes in the gonads 
correspond roughly to three gametogenic stages. In the pre-
spawning period there was a gradual increase of the gonado-
somatic index with a marked increase reuuhiii/^  Lo puuk during 
the spawning period and then there was a gradual decrease in 
the post-spawning period. It was observed that the higher 
the stage of gonad development the higher is the gonado-
somatic index except in the spent condition (stage V) when 
the fishes have released all their gonadal product. The 
significant differences between the maturity stages are due 
to rise in ovary weight till the ova develop to their 
maturity in stage IV. Seasonal changes in gonad condition 
were well marked in the present study. Peak gonado-somatic 
index and high percentage of ripe specimens in May and June 
coincide with maximum light and temperature during this 
period. Similarly, the recovering gonads remained queiscent 
from October to January this may probably be due to lower 
values of light and temperature. This coincidence forces to 
infer that physical parameters also influence the cyclic 
development of gonads. This has also been stressed by 
Aronson (1957), Hyder (1970), Avanesov (1972), Chatterji 
.(1976) and Wijeyaratne and Costa (1987) for different fishes 
including mullets, and they have explained that temperature 
plays an important role in the gonadal development and 
spawning. 
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It is well known that information regarding various 
types of spawning behaviour in fishes can be gained by 
indirect methods such as studying the size distribution of 
ova in a ripe ovary. The type of spawning is closely related 
to the modes formed in a plot of ova diameter taken from the 
ripe ovary. Consequently, the measurement of ova diameters 
at random and their plotting give a fair idea about the 
frequency of spawning of fish and the duration. Hickling and 
Rutenberg (1936), De Jong (1940), Prabhu (1956) and Karekar 
and Bal (1960) have classified the spawning activity of 
fishes into four types on the basis of observations made on 
the ova diameter as : 
Type 'A' : Spawning takes place only once a year during 
a definite short period. In fishes belonging 
to this category, the mature ovary contains 
mature ova distinctly separated from the 
immature stock. 
Type 'B' : Spawning takes place once in a season, but 
with a longer duration. In species showing 
this type of spawning, the range in size of 
mature ova, irrespective of the number of 
modes representing them, has been found to be 
nearly half the total range in size of the 
entire- ovarian eggs. 
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Type 'C' : Spawning twice a year. In the ovaries of 
fishes exhibiting this type of spawning, in 
addition to the batch in ripe condition, 
another batch of eggs which has undergone 
more or less half the process of maturation, 
becomes apparent. 
Type 'D' : Spawning extending over a long period, but 
intermittently. Here the different batches of 
eggs in the ovary are not sharply 
differentiated from one another, thereby 
indicating that the passing of one batch of 
eggs into the next stage is a continuous 
process. 
From such studies, for instance, it has been deduced 
that species which have all the ovarian eggs of similar size 
probably spawn together, whereas those which have a 
continuous gradation in oocytes sizes may have several 
groups of eggs matured and shed periodically during the 
breeding season. In the present study, the examination of a 
number of ovaries in different maturity stages has shown 
that prior to the onset of spawning season a continuous 
series of eggs from the stock of small transparent eggs 
gradually increase in size to contribute to the batch of 
eggs to be spawned in the ensuring spawning season. It was 
observed from the ova diameter studies that a batch of the 
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immature stock of ova develops to form a ditinct group of 
mature eggs to be spawned in the ensuring spawning season. 
The unspawned larger eggs in spent and spent recovering 
ovaries are resorbed as evidenced by the presence of thin 
shell like structure left over in such ovaries. The 
observations based on the data on maturity studies indicate 
that this fish belongs to the category "A' as stated above. 
Hence, the unimodal distribution pattern of the diameter of 
mature oocytes indicates that this species is a non-
intermittent spawner and sheds its eggs once during the 
breeding season like most other species of mullets 
(Sarojini, 1957; Luther, 1963; Abraham ei al-, 1966; 
Rangaswamy, 1974; Grant and Spain, 1975; Kuo and Nash, 1975; 
Wijeyaratne and Costa, 1987, 1988 and Gowda and Shanbhogue, 
1988). Alvarez-lajonchere (1979) has concluded that mullets 
exhibited nonintermittent and single spawning per season 
because of the production of only one set of ova per year. 
In the present study, results indicate that the cycle 
of maturation and depletion of gonads occur only once a 
year. During this period only one batch of mature ova was 
produced to be released in one spawning act. In all such 
forms, the gonads show a regular seasonal change and the 
state of maturity is uniform almost in all the individuals 
of the population. From these results it is concluded that 
fi. corsula has a short spawning season which extends from 
July to October with maximum spawning frequency during 
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August and September. The fully ripe ovarian eggs ranging 
between 620 to 773u in diameter are sharply demarcated and 
prior to spawning get almost completely separated from the 
stock of immature ova. Pakrasi and Alikunhi (1952) and Qasim 
and Qayyum (1961) have reported mature egg diameter of R. 
corsula ranging between 0.75 to 0.86 mm in June and 0.60 to 
0.75 mm in July respectively. Sugunan and Vinci (1981) have 
also examined the ova diameter ranging from 0.65 to 0.75 mm 
in stages V and VI in International scale that coincide with 
the present findings of R. corsula. In such fishes the 
duration of spawning is short and restricted to a definite 
period and each individual spawns only once during the 
breeding season. Majority of adult females, therefore, used 
to become ripe during May, June and July, and so it is 
reasonable to infer that this fish spawns when the river get 
flooded with the commencement of rains which break in the 
first half of July and spawning is over shortly thereafter 
within four months. Findings of the present study are 
closely related with the findings of Qasim and Qayyum (1961) 
who have observed the duration of breeding season of R. 
corsula extending from July to September. The only 
difference that has been marked in the present observation 
is that the breeding season extends upto October. Earlier, 
authors have described the breeding season of R. corsula 
extending from July to August at the Contai coast. West 
Bengal (Pillay, 1949) and June to July at Barrackpore, 
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Krishnagiri and Sathanur reservoirs (Pakrasi and Alikunhi, 
1952; Ranganathan and Natarajan, 1969) based on the 
appearance of large number of fry in these months. Mora 
(1939) presumed March and April as the peak period of 
breeding for the species based on the appearance of a large 
number of young ones in the settling tanks and filter beds 
of the waterworks at pulta during these months. He stated 
that H. corsul^ presumably breed in the river and is in 
reality a fluviatile form and its occurrence in confined 
water is accidental. Jones and Sujansingani (1954) have 
recorded the breeding of mullets during the rainy season in 
the inundated parts of the Chilka lake and in the rivers 
like Daya and Bhargavi flowing into it. They have stated 
that the same fish breeds more than once in a year without 
any detail information. Devasundaram (1951) has found 
specimens "full with roe' during June to September in the 
same lake during rainy season. 
It is evident from the above findings that the onset of 
spawning, its success and duration of breeding season 
appears to be directly dependent on the monsoon. Literature 
on the spawning season reveals that most of the freshwater 
fishes not only have relatively short spawning season and 
usually spawn after the onset of south-west monsoon which 
begins early in the south-western part of India in late May 
and continues upto August then gradually progresses towards 
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north. Consequently, the breeding season lasts from April to 
August in south-west part. This may be the reason that most 
of these fishes start spawning from May or June as reported 
by above said authors. However, in the present study it is 
noted that some species started spawning during July because 
in northern India the monsoon generally breaks out in July 
and continues thereafter. 
The reproductive potential of a population of fishes 
has a considerable bearing on the fecundity of females which 
measures the reproductive capacity of a species. Fecundity 
calculations were based on the assumption that all eggs 
comprising the most advanced group, within an ovary, are 
released in a single spawning. Since it has been suggested 
that individual fish spawns more than once during a single 
breeding season it is possible that subsequent spawning 
would contain fewer ova. Therefore, to make all estimates 
comparable, only ovaries in III and IV stages which showed 
no evidence of previous spawning were taken. Keeping in view 
that knowledge of the fecundity of cultivable fishes is very 
useful in culture investigations like in assessing the 
targets of spawn production from the available stock of 
brooders, the fecundity of E. corsula was also assessed. The 
number of ova in the specimen varied from 1,012 to 3,220/g 
of ovary weight for a fish of 196 mm total length with 67 g 
weight and 358 mm length with 493 g weight respectively. The 
data showed that the fecundity varies considerably between 
156 
the individuals irrespective of the length and weight of the 
body. Sugunan and Vinci (1981) recorded the fecundity range 
of R. corsola from 63,000 to 2,60,500 ova with an average 
572 in the size range 230 mm to 344 mm and weights 119 to 
360 g specimens collected from Nagarjunsagar reservoir. In 
the present study it was found to be quite low than those of 
reservoir fish. These findings coincide with those of 
Patnaik. (1962) and Rangaswamy (1974) who have estimated the 
fecundity of Ji. cephalus (measuring to 465-540 mm) as 27.72 
to 49.54 lakhs and 4.34 to 47.17 lakhs in Chilka and Pulicat 
lakes respectively. Jacob and Krishnamurthy (1946) have 
recorded for tL- oeur (cephalus) as 1,32,000 and for H. 
buchannani as 70,000 from Ennore creek. Pillay (1953), 
studying nearly ripe specimens of M.- tade ranging in size 
from 23 to 50 cm, found that their fecundity varied between 
90,416 and 3,22,959. Sarojini (1957) has recorded the 
fecundity of H. oarsia to vary from 2,00,000 to 6,00,000, 
and in H. dussumieri from 33,000 to 8,45,000 with size 
ranged between 108 to 320 mm (Effendi and Sjapei, 1976). The 
mean fecundity of Y.. seheli in size range of 272 to 423 mm 
(TL) was found to be 5,18,236 eggs (Gowda and Shanbhogue, 
1988). Findings of the present study are in agreement with 
the findings of Pakrasi and Alikunhi (1952) on H. corsula. 
A knowledge of the relationship between the size of a 
fish and fecundity is essential to arrive at a figure of 
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mean fecundity of the size composition of a spawning stock. 
Because of this practical utility, the relationship between 
different body parameters and fecundity of R. corsula were 
calculated. According to Kesteven (1942) the gonads maintain 
size relationship with body parameters of an organism. Clark 
(1934) suggested that the fecundity of a fish increases in 
proportion to the square of its length. However, Simpson 
(1951) pointed out the flaws in such a conception, in view 
of the fact that egg production in any ovary is not a 
surface phenomenon and that the germinal epithelium is so 
folded as to fill the volume of the ovary. He, therefore, 
concluded on the basis of his study on the fecundity of 
plaice, that the number of eggs is related to the volume 
and, consequently, to the cube of length. Many recent 
studies have proved Simpson's contention, as they have 
showed that the number of ova produced is related to the 
length of fish by a factor closer to the cube of length and 
is directly proportional to the weight of fish. More or less 
similar relationship between fish length and fecundity has 
been reported by Pillay (1954), Prabhu (1956) and Sarojini 
(1957). 
In the present investigations, the exponential value is 
greater than three and so indicates that fecundity increases 
at a rate greater than cube of the length, the rate of 
increase being nearer to the fourth power, and in agreement 
with Rangaswamy (1974) and Gowda and Shanbhogue (1988) for 
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H. cephalus and i. seheT i respectively. Varghese (1973, 
1976) has derived the same conclusion for Labeo rohita and 
Coilia ramcarat j,. On the theoretical assumption that the 
fecundity would be related to the body weight in the form of 
a straight line, as the length-fecundity relationship was 
curvilinear a regression line was initially fitted to the 
data by the least square method. However, many fecundity 
values were found to deviate from the regression line. 
Therefore, the arithmatic values of fecundity and weight 
were converted to logarithmic values and a formula was so 
evolved found to fit the data more closely. The better 
fitness was also revealed by the greater value of 
correlation coefficient obtained as 0.920. The exponential 
value 1.348 is much lower than that for the length -
fecundity relationship suggesting that the rate of egg 
production in relation to the increase in weight is much 
lower than that of length. The existence of a straight line 
relation between fecundity and weight of fish has been 
reported by several workers (Sarojini, 1957; Pillay, 1958; 
Varghese, 1976 and Sugunan and Vinci, 1981). 
Bagenal (1957) observed in long rough dab that the body 
weight and gonad weight together were the best factors to 
predict fecundity. He has found that the fecundity was 
related to the ovary weight at a power less than unity in 
this species. Theoretically, a close relationship between 
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the weight of the ovary and the number of ova could be 
expected. The exponential value of more than unity was not 
in agreement with the findings of Bagenal's (1957) and 
Varghese's (1976) for long rough dab and Coilia ramcarati 
respectively. This relationship indicates that number of ova 
produced are closely related to the mean weight of the ovary 
(coefficient correlation 'r' = 0.927), and in agreement with 
those of Hicklings (1940) observations, who has stated that 
the production of eggs is the dominant function of the 
ovary, a close correlation should be expected between weight 
of ovary and the number of ova produced. The relationship 
between ovary weight and facundity of R. corsula indicated 
an increase in the rate of egg production with increase in 
ovary weight, and a linear relationship was found to exist 
between ovary weight and fecundity. The graphic expression 
of the equation indicates that fecundity has a closer 
relation with fish weight which, in turn, is more directly 
related to the ovary weight rather than length of fish. Here 
again, as in the case of fecundity and fish weight, the 
fecundity values of smaller specimens having low weight 
congregate below the regression line showing their low 
fecundity in relation to low weight and smaller size, 
compared to larger specimens having high weight and high 
range of egg production. Similar observations have also been 
recorded by Parameswaran ei al. (1974) for Labeo gonius and 
Rath and Hejmadi (1976) for Qphioce.phalus punctatus. 
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The relationships between fish length and ovary weight 
and fish weight and ovary weight showed that the ovary 
weight has a well defined curvilinear relationship to both 
length and weight in R. corsula. The exponential values of 
these relationships indicated that the rate of increase of 
ovary weight in relation to length was greater than the rate 
of increase of ovary weight in relation to weight. A similar 
phenomenon was also observed in Labeo gonius by Parameswaran 
ei aJL. (1974) and in Coilia ramcarati and C dussumieri by 
Varghese (1976). 
According to Pakrasi and Alikunhi (1852), £. corsula 
appears to be capable of breeding both in saltwater as well 
as in freshwater habitats. The breeding season also seems to 
differ from the majority of the coastal species. It is noted 
that R. corsula is the only mullet that is definitely known 
to breed in the freshwater habitat. Unlike the marine 
mullets which largely breed during the winter months, the 
peak period of spawning of this fish species coincides with 
the rainy season. 
^uttitnar^ 
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SUMMARY 
The freshwater grey mullet, BiuxLomugii OQX^iila. 
(Hamilton), 1822 belongs to order Mugiliformes and family 
Mugilidae. It is found in freshwaters like rivers and lakes 
etc. It forms a considerable fishery wealth in the rivers of 
northern India, offering a highly proteinaceous variety of 
fish to the consumers. 
The fish were collected from a single environment. The 
observed data of R. Q^LLSXLLS. (Ham.), when analysed 
statistically, in order to obtain mathematical relationships 
between the measurements of body parts (dependent variables) 
and the total length (independent variable), showed a linear 
relationship in all the cases. As evident from the results, 
the gut length had maximum growth rate, whereas inter-
orbital width showed minimum rate of increase, in both the 
sexes. Morphometric data for both sexes were thoroughly 
processsed statistically to find out the possible sex-linked 
differences. But lack of significant difference, in any of 
the traits between the sexes implied absence of sexual 
dimorphism. 
In fishery practices, knowledge of length-weight 
relationship for a given species could be of practical 
utility in estimating fish yield from a water body and in 
regulating the fisheries through construction of desirable 
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mesh-size of the fishing gear in response to the demand of a 
fish with a marketable size and weight. Estimates of the 
length-weight relationship for males and females R. corsula 
were found significantly different and both sexes grew at a 
rate less than 'cube of length'. 
It is quite clear from the results that males increased 
lesser in weight than females. The slope of the regression 
"b' and the intercept 'a' of the regression line for 
different maturity stages of both sexes differed from each 
other. Significant differences were noted in maturing and 
spent fish. Fourth maturity stage, i.e. ripe stage in 
female, showed highest value of regression coefficient while 
it was observed highest in the first stage of maturity in 
males. Furthermore, since length-weight relationship of fish 
varies according to the condition of fish and environment, 
the variations in this relationship provide a measure of 
condition coefficient (degree of well-being) of fish and 
suitability to its environment. 
The simple expression K = W/L^ x 100 appeared 
satisfactory for the study of well-being of R.corsula. The 
increase and decrease in 'K' values were observed in 
accordance of length, seasonal variation and gonad 
development. The first point of inflexion with increasing 
length was conspicuous between 201 to 220 mm. Following the 
statement of previous authors the present results agreed 
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that this point was the minimum size at which fish attained 
maturity. Gradual fluctuation in ^K' values might be due to 
intensive feeding or stage of gonadal development. Male 
specimens were found to be absent beyond 300 mm. Findings of 
the present study did not pinpoint absolute dependence of 
'K' on length. Continuous fall and rise in the 'K' values of 
R•corsula were concluded to be highly related with increase 
and decrease of gonad weight. Findings of the present study 
closely agreed with the findings of Morrow (1951) on 
Longhorn sculpin. 
The influence of feeding intensity on the condition of 
the present fish did not seem to be quite apparent. Females 
showed better condition than males . A review of the 
condition of R. corsula proved beyond doubt that the fish 
obtained from lotic ecosystem tended to gain more weight 
than their counterparts from the lentic water body. The 
comparison of present values of "K' with the findings of 
Ranganathan and Natarajan (1969) for E. corsula (Ham.) 
brought it into special prominence. 
Age and growth of R. corsula was studied by the 
analysis of scales and length-frequency distribution. The 
scales are ctenoid and the formation of growth checks were 
indicated by the presence of wide clear translucent zone 
along the entire margin of the scale as well as by the 
presence of discontinuous circuli at the margin. The 
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causative factor of annual ring formation in fish of first 
year class was found to be the intensity of feeding whereas 
in adult fish the ring formation was influenced by both 
feeding intensity as well as the maturation of gonads. 
R. corsula was found to attain lengths of 145.6, 
193.8, 229.4, 263.2, 292.7 and 315.7 mm at I, II, III, IV, V 
and VI year of age respectively. Increase in length of the 
scale was observed to bear a constant ratio to the increase 
of length of fish, and regression analysis yielded a 
straight line relationship between scale and body length. 
The calculated values could be expressed as : 
y = 0.084 + 0.031 X 
The growth rate of the fish was high during early 
stages of life but thereafter decreased gradually upto the 
age group VI. Both sexes showed a similar growth patterns. 
Specific growth rate 'G' was also found decreasing with the 
increase in the age of the fish. 
Growth of the fish confirmed the Von Bertalanffy's 
growth equation and expressed a.s : 
Lt=331.25 l_e-0.5547<t-«-0.0052) 
£• ilQXSula in river Yamuna was found to subsist mainly 
on the decayed organic matter and detritus engulfed 
alongwith bottom mud and sand. Bottom living diatoms, 
zooplankton, benthos and macrovegetation formed 
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considerable percentage of food items. The fish always 
showed preference to mud, detritus and decayed organic 
matter. For phytoplankton and sooplankton no selection for 
any particular group or species was observed. The broad 
range in the selection of its food items is an adaptation to 
obtain maximum quantities of food throughout the year 
because when one item was not available due to its seasonal 
scarcity the fish depends on its alternate. Complete 
avoidance of bJ.ue-green algae and euglenophyceae v^jas 
observed. 
The intensity of feeding was found to be maximum during 
monsoon months and started decreasing in November onwards. 
High percentages of empty guts were noted from May to 
August. Besides, the maturation of gonads was also found 
influencing the feeding intensity. Minimum food intake and 
high percentage of empty guts were found in ripe fish. It 
was evident from the results that the fish fed voraciously 
during growing stages and just after spawning. The rate of 
feeding activity was found higher in females throughout the 
year than males. The morphological adaptations, and food and 
feeding habit of R. corsula indicated its browsing habit at 
the bottom. It was also found capable of surface feeding. 
In river Yamuna, the population of B- CQ.ilSlLla showed 
unbalanced sex ratio in favour of females. Maturity was 
attained when both sexes were about one year old. Individual 
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fishes are annual breeders as could be inferred from the 
presence of only a single batch of ova in all the stages of 
gonads. Spawning occurs during July to October with peak 
periods, August and September, coincide with monsoon 
season. Individual fecundity ranged from 1,012 to 3,220/g of 
ovary weight. Fecundity was found to be more closely related 
to ovary weight rather than body weight or body length. 
Ovary weight has a close relation with body length and 
weight. 
Sex ratio of B. 
TABLE 6.1 
for different months and size. 
-
Months 
_- - -
May 
June 
July 
August 
September 
October 
November 
December 
January 
February 
March 
April 
Sex 
-- -
Male 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
ratio 
Female 
1 
1.35 
1.10 
2 
1.25 
1.22 
1.5 
1.11 
1.3 
• 1 
: 1.14 
• 1.33 
~ 
Size 
" " 
groups 
(mm) 
180 
201 
221 
241 
263 
281 
301 
321 
341 
361 
381 
— 
-
-" 
-
--
--
-
-
-
-
— 
-
- _ . 
200 
220 
240 
260 
280 
300 
320 
340 
360 
380 
400 
" • • " • • — 
"* — ~ 
Sex ratio 
- -
Male 
1 
1 
1 
1 
1 
J 
All 
-
-
-
-
~-
: Female 
: 0.29 
: 0.88 
: 0.74 
: 1.12 
: 2.5 
: 2.66 
females 
do -
do -
do -
do -
TABLE 6.2 
Statistical relationship of fecundity and ovary ueight t»ith different body paraneters in R. corsula 
Statistical relationship 
Logarithaic foru Power equation forn 
Log F = -6.253 + 4.352 Log L i F 
Log F = 1.210 + 1.348 Log H I F 
0.558 x 10'^ L''-'^ ^^  
16.218 U^-^'^^ 
Log F = 2,537 + 1.68? Log OMI F = 344.34? OH^'f ^ 
Log OH =-3.?79 + 2.066 Log L ! OW = 0.105 x lO"'^  L^ '^ *^ ^ 
Log m =-0.524 + 0.680 Log H I ON = 0.298 N**'^ *^' 
Correlation 
coefficienl 
'r' 
0.906 
0.920 
0,927 
0,784 
0,874 
Regression 
coefficient 
•fa' 
4,352 
1,348 
1,689 
2,066 
0,680 
Calculated 
' t ' 
11.528 
12,641 
13,30? 
6.805 
9.743 
Renark 
F = Fecundity, L = Total length (so), H = Body weight fg!, OW = Ovary weight (g), S = significant at 5X level 
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